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Xew York, January 17, 1894. 

The 83d meeting of the Institute was held this date at 12 West 
31st Street, and was called to order at 8 p.m. by President 
Houston. 

The President:— The Secretary will read the minutes of the 
last stated meeting. 

^' On motion of Mr. "Wolcott it was voted that the reading of 
the minutes be dispensed with. 

The President :—Before calling for the paper of the evening,. 
I would like to ask the Secretary to read the list of candidates 
for associate membership, and the names of members who were 
either elected at the Council meeting to-day, or transferred from 
associate to full membership. 

The Secretary: —The following candidates for associate 
membership have been proposed for consideration at the meeting 
of the Council, Feb. 21st:— 

H H. Morehouse, James W. Crosby, E. Randolph Hix, Edward M. Gerry,. 
E. W. Trafford, George E. Wendle, Charles Gesseaume, Charles T. Rittenhouse,. 
Arthur Frantzen, Albert E. Richardson, S. D, Snook, Jas. A. Lighthipe, Albert L. 
Clough, A. T. Best, Harold Harrison, Clifford D. Babcock, Augustus Treadwell,. 
Jr., Wm S. Barstow, Chas. Edwin Potts, George Forbes. , 

The following associate members were elected at the Ootincil 
meeting this afternoon: 

Name. Address. Endorsed by. 

Adams, Comfort A., Jr., Instructor in Electrical Engineer- E. H. Hall. 

ing, Harvard University, 2 i C.F. Uebelacker, 
Stoughton Hall, Cambridge, Mass. E. P. Roberts. 

Bethell, U. N. Acting General Manager, The Met- A. E. Kennelly. 

ropolitan Telephone & Telegraph H. L. Webb, 
Co., iSCortlandtSt., N.Y. City. Geo. M. Phelps. 

Broadnox, Francis Engineer, Safety Insulated ‘Wire W. J, Jenks. 

and Cable Co., 50 Broadway, L. Stieringer. 
New York City. T. C. Martin. 

Broich, Joseph Superintendent and Electrician, Edw. Durant. 

with F. Pearce, 448 8 th Ave., James Hamblet. 
Brooklyn, N. Y, J. C. Chamberlain. 
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ASSOCIATE MEMBERS ELECTED AND TRANSFEBEED. 


Ende, SiGFRiED H. Colonnade Hotel, 39 Layfayette C F. Chandler. 

Place, New York City, Wm. J. Hammer. 

F. B. Crocker, 


FLANA.GAN, Thomas Francis Supt. and Electrician, 

Portsmouth Gas Light Co , 
Portsmouth, N. H. 


Herbert C. Wirt. 
C, D. Haskins. 
C. B. Burleigh. 


Flint, Bertram P. 
Knox, James Mason 
Meredith, Wynn 

OSTERBERG, MaX 

Selden, R. L., Jr. 
Sever, George F. 
Smith, Charles Henry, 


Electrical and Mechanical Engineer, Chas. H. Davis, 
with Chas. H. Davis, 120 Broad- F. S. Holmes. 


way, New York City. 

Student in Electrical Engineering, 
Columbia College, School of 
Mines, New York City. 

Asst. Superintendent Operating, 
Electrical Dept. Midwinter 
Fair, San Francisco, Cal. 

Student in Electrical Engineering, 
Columbia College, 232 East 62 nd 
St., New York City. 

Deep River, Conn. 


Instructor in Electrical Engineer¬ 
ing, Columbia College, 121 East 
30 th St., New York City. 

Assistant Electrician, South East¬ 
ern Tariff Association, Atlanta, 
Ga. 


Ralph W. Pope. 

F. B. Crocker. 
Ralph W. Pope. 
W. H. Freedman. 

L. S. Boggs. 
R. H. Pierce. 

G. Sacco Albanese. 

F. B. Crocker. 

M. I. Pupin. 
W. H Freedman. 

Ralph W. Pope. 
T. C. Martin. 
Geo. H. Guy. 

M. I. Pupin 
F. B. Crocker 
W. H. Freedman 

A. F. McKissick. 

A. M, Schoen. 
A. E. Worswick, 


Sprout, Sidney 

Wardlaw, George A. 
Total 15 


Electrical Department, Midwinter 
Fair, San Francisco, Cal. 

Assistant Engineer, People's Light 
and Power Co., Doolittle House, 
Oswego, N. Y. 


L, S. Boggs. 
R. H Pierce. 
O. G. Dodge. 

Edw. L. Nichols. 
F. Bedell. 
Harris J. Ryan. 


The following associate members were transferred to full 
membership upon recommendation of the Board of Examiners, 
October 3d and December 7th, 1893. 


Emmet, W. L. R. 

Keith, Nathaniel S. 
Adams, Alton D. 

McC]guER, C. E. 

Jackson, J. P. 

Total 5. 


Electrical Engineer, General Electric Co., New York 
City. 

Electrical Engineer, London, Eng. 

Electrician and Manager, Adams] Electric Co., 
Worcester, Mass. 

Supt. First District, Southern Bell Telephone and 
Telegraph Co., Richmond, Va. 

Assistant Professor of Electrical Engineering, Penn. 
State College, State College, Pa. 


The Pbesidbnt :—The regular order of business is the ])aper for 
the evening. We are very fortunate this evening in having with 
us a gentleman who is in every respect able to handle the im¬ 
portant subject on which he is announced to speak, viz.: “ Prac¬ 
tical Properties of Polyphase Apparatus.” Dr. Louis Bell, of 
JBoston, will now read the paper. 

Dr. Bell read the following paper : 



.A jtajperpresented at tke Eighiy^^third Meeting of 
the American Institute of Electrical Engi¬ 
neers ^ New York^f anuary iyth^i&)4y President 
Houston in the Chair. 


PEAOTIOAL PEOPEETIES OF POLYPHASE 

APPAEATUS. 


BY LOUIS BELL, PH.D. 

During the past two years the use of polyphase currents for 
power transmission has been the subject of many papers and 
discussions. The writers engaged have been of two classes, 
.. those who have a practical concrete knowledge of the apparatus 
they comment upon, and those who have not. The former have 
for the most part merely interpolated casual remarks and made 
general recommendations. The latter have been prolific in re¬ 
searches upon paper, and experiments upon the electrical bric-a- 
brac they could build or borrow. The whole matter has been 
for the most part a sort of “ Messiah dance ” of doci/rinaires^ 
varied now and then by a skirmish between rival inventors who 
for commercial reasons could give the public very little detailed 
information. Meanwhile the art has been quietly advancing, 
and to-day, with half-a-dozen plants in operation abroad, 
and as many more in our own country, it is time to discuss 
more freely than has hitherto been possible, their nature and 
properties. 

In the present paper I intend to devote myself entirely to ex¬ 
perimental results, verified by repeated observation, and leave 
the mathematical investigation of the subject to those who pre¬ 
fer to conceal their more or less exact knowledge in that alluring 
guise. I have no lack of respect for mathematics, but it ojffers 
a painfully good opportunity for generalizations so broad as to be 
of no practical use. 

In speaking of polyphase apparatus it should be clearly under¬ 
stood that I regard the number of phases as accidence rather 
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than as substance of the matter. As the number of phases is 
changed, the quite interesting and not always unimportant differ¬ 
ences to be noted are more often of degree than of kind, so that 
while most of my personal experience has been with triphase 
currents, much of what I have to say is quite applicable to sys¬ 
tems having more or less phases, provided, of course, that such 
systems are symmetrical. 

Of systems wherein this condition is not fulfilled I shall have 
something to say in discussing polyphase motors. I also pre-sup- 
pose that we are to deal with currents giving a tolerable approxi¬ 
mation to sine waves, such as can without great difficulty be ob¬ 
tained. While it is theoretically true that departure from the 
sine curve causes a loss of energy due to the presence of higher 
harmonics, they must be larger than are found in any well: 
designed machine before they produce any loss of efficiency that, 
is of practical consequence. I have observed a measurable de¬ 
crease of efficiency in ah induction motor when used with a 
generator arranged to give a very wide departure from a sine 
wave, but even so, less than might easily be due to accidenta 
variations in the iron used for the laminated structure. Electri¬ 
cal power transmission must be developed into conditions beyond 
those that now seem to us extreme, before the current curves now 
readily attainable will need revision. On very long lines and 
under voltages already near the limit of insulation, we shall 
certainly have to consider the matter, but in the present state of 
the art we may generally pass it by. I shall refer later to cases’ 
in which it is really of decided importance. 

Polyphase Generators. 

While the general character of polyphase dynamos must 
closely resemble that of the ordinary alternator, the necessity of 
applying to the same armature two or more phase-windings leads 
to modification of the design so far as the winding is concerned,, 
and quite generally in the direction of the direct current type. 
In fact the most convenient way of getting polyphase currents, 
in the laboratory or for experimental use, is to tap the head of a 
continuous current armature in the requisite number of points, 
put on collecting rings and go ahead. A small multipolar ma¬ 
chine of 220 or 500 volts lends itself most readily to this use, 
but generally will have to be run at a speed considerably higher 
than normal to give a sufficient number of cycles. The current 
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wave given is apt to be flat-topped, and in small machines the 
windings cannot always be tapped symmetrically, but the method 
is often handy. It may sometimes be useful too, to derive poly¬ 
phase currents from two or mors ordinary alternators with their 
shafts coupled together, or from composite machines having 
phases on separature armature cores, but these devices are, I 
think, rather to be regarded as expedients convenient for divers 
reasons than as final types. This is on the broad general prin¬ 
ciple that one large machine is more economical than two or 
more small ones aggregating the same output, and that the more 
completely the armature core can be utilized, the better output 
can be obtained from the same structure. Therefore with similar 
machines of equal size and equal magnetic and electrical con¬ 
stants, a polyphase armature winding does give a better output 
than a single phase winding. Of course it is possible to con¬ 
struct a single phase machine that shall give a better output per 
pound of weight than a certain concrete polyphase machine, 

. just as one might manage to double the voltage obtained from a 
given armature while retaining the same output, but other things 
being equal the more phases, the better output in a given struc¬ 
ture. All this has been made so clear of late that it is only 
necessary to emphasize the fact, that while the difference in out¬ 
put between a single phase and a two-phase armature is quite 
considerable, the step from two, to three phases is somewhat 
less marked, and that from three to more, of relatively little 
importance. 

It should also be noted that as various numbers of phases can 
be derived quite simply from two and three phases, it is quite 
unnecessary to consider the more complicated types of generator. 
The tendency in building polyphase generators is certainly to¬ 
ward the development of a rather better machine than we liave 
become familiar with in the ordinary alternators, due mostly to 
the impetus given alternating current machinery in general by 
recent demands. This has led, first, to the adoption of a lower 
frequency than formerly, both to facilitate the use of motors and 
to avoid the seriouis difficulties due to inductance on the long 
lines that are now becoming more common. Second, it has 
caused more attention to be given to the production of genera¬ 
tors able to take care of fluctuating and inductive loads, such as 
are produced by motors, without excessive over-compounding. 
With a properly designed machine, the popular idea of the diffi- 
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ciilty of regulation under an inductive load is grossly exagge¬ 
rated. A generator built as alternating generators should have 
been built long before now, with proper attention to the produc¬ 
tion of a good machine for all around practical work, will take 
care of an inductive load of the severest kind, more easily than 
the average alternator found to-day in central stations, will handle 
a load of incandescent lights. 

I can point out the practical ease of regulating a polyphase 
generator under an inductive load in no way so effectively as by 
giving the results of some experiments recently tried with a tri- 
phase generator of 260 k. w. normal output. It was run at 600 
revolutious per minute, and a uniform voltage of 2500 volts be¬ 
tween linaa, driving a synchronous motor of similar size, which 
was in turn belted to a direct current generator. This arrange-" 
ment enables one to obtain any desired output with a very wide 
range in the lag of the current through the line. Accurate read¬ 
ings were taken of the currents necessary to excite the generator,, 
with the following results, the voltage being preserved uniform . 
at 2600: 


Exciting current-output about 30 k. w. No lag.19.05 amp. 

Exciting current-output about 80 k w. Power Factor .3. 31.6 amp 

Exciting current-output 360 K. w. No lag. 33.8 amp. 

Exciting current-output 360 k. w. Power Factor .84. 34.8 amp 


Ho better test than this could be wished, for showing the exci¬ 
tation required under a lagging load. It should be noted that the 
power factor in the last case was similar to what would be found 
under ordinary circumstances, in running a load of inductive 
motors, and yet the increase in exciting current from a very 
light load with no lag, to a full load with very decided lag, was 
only 25 percent. Experiments with other machines under an 
inductive load show results similar to this, so that I think we can 
safely say that a well-designed polyphase generator will take 
care of an inductive load easily and without excessive variation 
of the field strength. More than this, the regulation required 
can easily be made automatic in cases where this method is pre¬ 
ferred to hand regulation, which, however, answers most pur¬ 
poses very well. 

Of course the poly phase generator can be made self-compound¬ 
ing in a manner closely analogous to that followed with an ordi¬ 
nary alternating generator. The rectification of the necessary 
amount of current, makes this method somewhat inconvenient ins 
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large machiaes. In such cases, we may effect a very complete 
automatic regulation by the following means. 

[Diagram of the apparatus is shown in Figure 1.] 

The generator is excited from a rotary converter taking its 
polyphase current from the main machine of which it feeds the 
field magnets through its direct current side. In the lines be¬ 
tween the rotary converter and the generator, are inserted induc¬ 
tive resistances which serve to cut down the voltage applied to the 
polyphase end of the rotary converter. On these choking coils 
are, however, reversely wound turns from the main circuit of 
the machine. The result of this arrangement is, that as the cur¬ 
rent in the main line fed by the generator rises, the inductance 
in the line which feeds the rotary converter is gradually removed^ 



allowing the voltage to rise higher and higher, in proportion to 
the current in the main line. 

Fig. 1 gives a clear idea of the arrangement. In this figure,. 
a' is the field magnet of the main machine of which b is the 
armature, a the three collector rings, the machine being of triphase 
type; f f are the field magnets of the rotary converter of which n is 
the armature, h the collector rings and e a commutator delivering 
direct current to the fields of the rotary converter f f and to the: 
field magnets a' a' of the generator. The rotary converter may 
conveniently be brought up to speed by its pulley p unless an¬ 
other triphase machine be at hand by which to start it; m, M'j. 
m" are the three inductive resistances, ^ the windings connected 
►with the rings 5, d the reversely wound turns connected to the 
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main Hue. Of course transformers may be inserted in ^e hne 
between the inducUnees and the rotoy 

inverters wonnd tith cnmnlative turns from the mam crnmt 
may replace indnctiTO resistances, I hare enpenmented, rathei, 
“L hewerer, with the form shown in Fig. 1. It m.j some- 

“Is be convenient to employ the rotary inverter merely to 
excite an amdliary oomponnd winding, in which case it «n be 
started up from the generator already worked up nearly o noi- 

‘r^^l vol^ by iB oL eiciter. This me^od » 
polyphase generators, seems to promise ready applicability to t e 
largest machines and very close automatic regula ion of the 
voltage. The arrangement may be varied, but the undei y- 
lug principle must remain the same-the automatic variation - 
of voltage on the polyphase end of a rotary converter in re¬ 
sponse to the varying output of the generator by means of vary- 
in<^ inductances obtained from coils in the mam circuit, and mt. 
ing either directly or reversely to govern voltage applied to the 
rotary converter. In practice, the method works quite satisfac¬ 
torily and effectively. It permits of very close regulation of t le 
voltage for all loads at the machine, or of over-compounding a 
the dltant end of the line and that even with severely inducrtve 
loads I have tried a number of experiments to determine 1 1 . 

working conditions of this method of compounding, and the re¬ 
sults are most striking. 

A certain experimental generator of about_ 30 k.w. 
provided with triphase armature was Btted with this method o 
regulation, employing for the rotary converter a small 4-pole 
iron-clad machine fitted with triphase connections. The spe 
of the generator was kept constant at 600, the 
running at 1500; at no load, the voltage was 119; at full load 120, 
the load consisting of banks of incandescent lamp operated on 
the secondaries of converters. In another experiment with the 
same machine at the same initial voltage, an over-compounding of 
10 volts was easily obtained. Without regulation, the generate 
had so high an armature reaction that it would not regula e 
within forty per cent. On a standard triphase genemtp, very 
close automatic regulation can be obtained by this method, w-hile 
even with the experimental machine just mentioned above, i is 
possible to reach quite satisfactory results. 
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I have a record of experiments made after this paper was 
written, and illustrated in Fig. 2. The generator was first run 
with a non-inductive load at 114 volts initial. The output was 
driven up to 26^ kilowatts and the voltage at the end was 116.0 
(a). It had varied slightly in the earlier portion of the curve, 
the extreme variation from the initial voltage being a couple of 
volts. That was with a poor machine, and lacked the good re¬ 
sults that could have been obtained had the compounding ar¬ 
rangement had less work to do. We then tried the same machine 
under inductive load (b). The initial voltage was again 114 and 
it was arranged to over-compound so that at 30 k. w. we got 148 
volts. The device over-compounds just as handily as it com¬ 
pounds for uniform voltage, and furthermore I may say that by 
proper adjustment of the inductive coils and the rotary con¬ 



verter, it is possible to make the machine compound closely or 
over-compound, either for inductive load or non-inductive load, 
or for a load which is varying, sometimes non-inductive and 
Bometimes inductive. The very act of the shifting of the phase 
due to running with an inductive load, may be made to help the 
rotary converter oveicome the lagging current, as was the case 
in'the example 1 have just given, where the voltage rose some¬ 
thing like 25 volts on a heavy load consisting of induction 
motors running very light. 

All this matter of regulation, is of particular moment in 
installations intended mainly for power purposes where the 
variations in load are apt to be considerable. Where, however, 
these variations are extreme I do not believe that any automatic 
apparatus can altogether obviate the necessity of watchful and 
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intelligent hand regulation, especially when waterwheels are*the 
prime movers. It should be remembered, however, that the 
variations in voltage which pass altogether unnoticed in ordinary 
service, and are practically of little account, are much greater 
than would be at first sight supposed. An evening passed in 
any station operated by water power teaches a useful lesson in 
this respect. Quite considerable occasional variations, particu¬ 
larly if slow, are far less objectionable than repeated or periodic 
ones of much less magnitude, such as are produced by hunting 
in a governor or overmuch fussing with the regulating devices. 
A. governor should be dead beat even if something of sensi¬ 
tiveness is sacrificed to that end. 

In passing from the subject of generators, I need only say that 
polyphase machines present no startling peculiarities and possess- 
no mystical properties. All that is needful to produce a good 
polyphase dynamo is conscientious, straightforward, intelligent 
designing; fads and overmuch ingenuity generally do more harm 

than good. 

PoLYPHA.SE G-ENERATORS AS MoTORS. 

Polyphase,like other alternating current generators makegood 
synchronous motors. In fact, they are decidedly better than others 
for this purpose, in that they are self-starting with more or less 
facility, and do not go out of step quite so easily as the single 
phase machines. They are, as it were, more flexible. They start 
really as induction motors; that is, they may properly be re¬ 
garded as induction motors having a revolving primary element 
and a non-laminated fixed secondary without windings, exerting 
torque simply by virtue of induced currents in the pole-pieces. 

Naturally they cannot start very eflSciently under these con¬ 
ditions and for motor purposes it is much better somewhat to 
modify the structure, so as to provide secondary windings or other 
devices to approximate the effect of a genuine induction motor. 
Nothing very complicated in this line is necessary, and it is quite 
easy to produce a synchronous motor that will be self-starting 
even with a considerable load of shafting. In the liedlands- 
triphase plant for example, the motor of 160 h. p. is belted to a 
short countershaft mounted in a timber frame and carrying two 
large pulleys. The smaller of these, drives by a 36-mch belt a 
wooden wheel 18 feet in diameter mounted on a crank shaft 
that drives two large ammonia compressors. A pulley on this- 
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shaft is belted back to the framework aforementioned, and drives 
a force pump for the ice-making machinery, a circulating pump 
for the water jackets of the compressors, and a small ice elevator. 
All this machinery is brought promptly up to synchronism by 
the motor without the intervention of clutches. The starting 
torque is thus quite suflScient for most ordinary uses to which a 
large motor is likely to be put. 

The synchronous type of polyphase motor is especially adapted 
to large units. Being a non-laminated structure it is easier to 
build and somewhat cheaper than an induction motor of the same 
size would be, and furthermore it possesses the advantage of in¬ 
troducing no lagging current whatever into the line, except at 
the moment of starting. While this lagging current is not of 
great moment on ordinary lines, it may as well be avoided where 
by so doing a machine equally as good and cheap can be obtained 
without any additional complications. With large units too, there 
is generally less need of a very great starting torque, and con¬ 
sequently induction motors are far less necessary in the large 
sizes than in the smaller ones. 

There is no practical difficulty whatever in building or opera¬ 
ting these large synchronous self-starting motors and they are 
likely to come into extensive use. 

I can hardly do better in closing a description of polyphase 
generators and synchronous motors than to give some of the data 
obtained from tests of these machines. 

A 260 K. w. machine showed at full load about 94 per cent, 
commercial efficiency. On a continuous run of 9^ hours under 
full load the heat developed was as follows, the figures given 
being rise in temperature of the several parts above the tempera¬ 
ture of the surrounding air; 


Field coils.:. 18«C. 

Yoke.. 7".5 0. 

Armature teeth.24® 0. 

Armature heads..20® 0. 


Taking these figures in connection with the data already given 
for exciting current, a pretty clear idea can be obtained of the 
general character of a modern polyphase generator or motor. 

Induction Motoes. 

Perhaps the most striking characteristic of the pol^hase sys- 
tern is the use of the polyphase induction motor, obviating as it 
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•does necessity for moving contacts, and enabling the ready em¬ 
ployment of forms of winding which give remarkable immnnity 
from the ills to which continuons current motors are heir. In 
all that has been said about these motors there has been an un¬ 
fortunate absence of exact data, particularly as regards their 
ability to start under heavy loads, the current required at start¬ 
ing, the current required when running light, the lag factors, 
light and loaded, the variations of speed under varying load, and 
other characteristics which are of direct practical importance m 
the use of such apparatus. 

Of the various polyphase motors which have been heretofore 
described, some appear to have had certain of these above-men¬ 
tioned properties well developed, and others very badly devel¬ 
oped. None so far as I know, seem to have reached any carefully 
considered balance of the properties necessary to make a good 
commercial motor. 

It is my purpose now to take up the induction motor as it can 
hOj and. is developed at the present time, and to give some plain 
facts concerning its actual properties ^ not determined from single 
experimental machines but from types which have been pretty 
thoroughly tried, I feel it especially desirable to do this in 
order to correct some of the errors into which those who are 
even well informed about polyphase machinery, have but too 
readily fallen. 

The induction motor consists essentially of two laminated 
structures, one fixed and the other revolving, and each wound 
symmetrically for phases more or less in number according to the 
system on which the machine is to be employed. It may be 
considered as a transformer with its magnetic circuit imperfectly 
dosed, and of which one member is free to revolve. For me¬ 
chanical reasons I think it is generally preferable that the primary 
element which receives the higher voltage should be fixed, and 
the low voltage, secondary element, movable. By this arrange¬ 
ment too, all necessity for moving contacts is avoided. For 
certain specific purposes the reverse of this plan may now and 
then be advisable. 

As to the general properties of these machines, I can hardly sum 
them up better, than to say that they behave in a manner strik¬ 
ingly like well designed shunt-wound continuous current motors, 
having, however, the advantage of being simpler and of having 
no commutator. Even their efficiency is closely similiar to that 
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of coDtinuous current motors of the same size, both as regards its 
maximum value, and its value under moderate loads. The 
hysteretic losses and those due to parasitic currents are, however,, 
a source of inefiiciency that has to be carefully considered in 
order to reach a satisfactory result. 

These losses are located in large measure in the primary ele¬ 
ment of the motor, and would apparently indicate the desirabil¬ 
ity of making this the revolving, and naturally smaller part of 
the machine. The advantage, however, of using a very simple 
and substantial winding on the revolving element, is too great to 
forego for the sake of a little saving in hysteresis. 

Induction motors can be made to start readily under load, yield¬ 
ing when properly designed for the purpose, a starting torque up to^ 
four or five times the full load running torque. Even more than 
this can be obtained if it be needed, but for most practical pur¬ 
poses, running torque is quite sufficient, and it is perhaps best, 
generally, not to design motors with abnormal starting powers in 
view, regarding such rather as special types. As in continuous 
current work, a motor fitted for unusually heavy strains is not 
necessarily the best all around machine. 

For everything except extraordinary requirements such as may 
be sometimes met in hoisting, a uniform design and rating may 
be conveniently kept, as it is very easy to regulate the torque 
and the current required to produce it within wide limits, by 
varying the resistance included at starting in the secondary cir¬ 
cuit. I know of no motors without such a starting resistance 
that are capable of giving any considerable starting torque with¬ 
out an enormous initial rush of current, and even were one de¬ 
signed to secure a good torque without armature resistance, it 
would be almost certain to exhibit various other undesirable 
qualities that would more than offset the advantage. 

The office of the starting resistance is two-fold : First, it limits 
the possible current in the armature so that it will not beat back 
the induction from the field ; that* is, it sets a limit on the arma¬ 
ture reaction. Second, it limits also the lagging in phase of the 
armature behind the field. There is a particular resistance best 
suited to each case, for which the torque is a maximum, at the 
given voltage. Any variation from this value will diminish the 
torque, the current meanwhile rising or falling according as the 
resistance is diminished or increased. This critical resistance 
should be found and used whenever it is necessary to start under 
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abnormal loads. At a certain second value of the armature re¬ 
sistance, the torque per ampere will be a maximum, and this 
determines the best resistance to be used for cases where a large 
static torque is not necessary. Somewhere between these points 
will be found the best working resistance for practical purposes. 
The first point named does not call for impracticable current. 



nor the latter for inconvenient torque, if the motors be properly 
designed. 

In using a starting resistance I prefer to fix it within the arma¬ 
ture spider and so to avoid all need of collecting rings. Save for 
this device, moving contacts of some sort must be used either to 
lead the primary current into the revolving element, or to con- 
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nect the resistance t© the secondary, either of which procedures 
is objectionable, particularly the latter. 

There is no subject connected with polyphase work which 
has been the theme of more hasty conclusions aod ill-advised 
criticism than the current required by polyphase motors in start¬ 
ing. The popular verdict pronounces it enormous, an opinion 
generally derived from hearsay, or from experiments with poorly 
designed motors, often with armatures of the squirrel cage type, 
than which nothing is more ineffective in starting, if the motor 
be decent in other r'espects. 

Nothing can be more grossly exaggerated than this common 
idea of immense starting cur)*ents. The best way to refute it 
permanently is to give exact experimental figures. The annexed 
curves (Fig. 3) will show very plainly the facts in the case. The 
torques given are genuinely static, being obtained by fitting a 
horizontal brake beam to the shaft of the motor and resting a 
stud on the beam upon a platform scale. The resistances used 
were of manganin strip. The currents were obtained from a 
current indicator standardized from a Siemens dynamometer, 
and the readings were made after the pointer had come to rest, a 
precaution very necessary, as the instrument was not at all dead 
beat. The current thus obtained is a true maximum for the 
given torque, the armature being permanently clamped at rest. 

In Fig. 3 the relation between starting torque and current is 
very clearly shown, as well as the importance of the starting re¬ 
sistance. In the figure the curves Ai, Ag, As belong to a 10 h. p. 
triphase induction motor, and Bj, b,}, Bs to a similar machine of 
5 H. i>. 

Ai shows the effect of varying the resistance in the secondary 
on the relations between starting torque and current, the voltage 
being kept normal and constant. Ag shows the variation of 
torque with current for a given fixed resistance, the voltage 
being varied, and the resistance being such as to give heavy 
torque. As is the same as A 2 except that the resistance was such 
as to give very moderate starting currents. Full load torque was 
35 lbs. 

Bi, B 2 , Bs are similar curves from a 5 h. p. triphase motor, the 
full load torque being 1Y.5 lbs. Now examine the curves. In¬ 
stead of abnormal currents being required in starting, each of 
the motors under examination will develop full running torque 
on considerably less than full load current. At full load current, 
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in fact, each of them gives some iifty per cent, more than run¬ 
ning torque. And this condition of things is not in the least 
exceptional—^it will be true of any properly designed motor 
unless it be intentionally adjusted to have a very great starting 



effort at normal voltage, as shown in Fig. 4 which is a curve 
from a 10 h. p. motor. Here curve a shows the relation between 
current and torque with a carefully adjusted resistance, and curve 
B the same relation without armature resistance. In this latter 
case we have reproduced just the state of affairs that is encountered 
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when one attempts to start an induction motor by a rheostat in 
the primary circuit. A comparison of a and b tells its own 
story as to the advisability of this procedure. The results are 
never comparable with those obtained with a resistance in the 
secondary under similar conditions. Curve c gives the torque 
of a special 15 ii.r. motor, full running torque being 52.5 lbs. It 
may be well here to note that an ohmic resistance cannot be re¬ 
placed by an inductive resistance for the purpose under considera¬ 
tion, as the armature current is thrown thereby so much out of 
phase that no even tolerable resxilts can be obtained. In leaving 
the subject, I need only say that there is no particular difficulty 
in constructing a polyphase motor that will give any torque that 
can reasonably be asked, and with a starting current by no means 
disproportionate to the result obtained. 



The ne-xt thing that comes up for consideration, is the power 
factor which may be e.vpected in polyphase motors. By tlio 
power factor we mean tlie ratio between real and apparent watts 
which measures the angle of lag introduced by the motor. It 
goes without saying that a liigh power factor is desirable both on 
the ground of requiring less current capacity in tlie lines and 
generators and on account of less inductance in the circuit, 
and consequently less trouble in keeping up the proper voltage. 
In motors of various designs, the power factor is probably the 
point in which there is the greatest and most serious variation. 

Fig. 5 gives three curves showing the variation of power 
factor with load, in three typical three phase motoi-s. Curve a 
is the power factor of a 15 ii. x*. four-pole motor designed to run 
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at 50 cycles. Curve b is from a 5 h. p. motor of closely 
similar design. Curve c is from another 5 h. p. motor which 
had specially valuable characteristics in the matter of power 
factor. Tlie last curve shows what may be accomplished by de¬ 
signing with special care for a high value of power factor. 

ITow the points to be noticed in these curves are the follow- 
ing: 

1st. That in all three motors at and near full load, the power 
factor is closely in the vicinity of 00 per cent.—in curve o 
fully 94 per cent. 

2d. The power factor even at half load is still good. In the 
15 H. p. motor it is 84 per cent.; in one of the 5 h. p. motors it 
is 75 per cent.: and in the other 79 per cent. In fact tlie half 





load values for the power factor, as here shown, are greater tlmn 
the full load power fjudors of Europcuri three phase motors 
whieli liave been descrilitid up to date. Tlie 1 lolirowolsky 5 
H. r. three phase motor' has a full load ]>ower factor of hut 
.68, while the power factor of a sinall Oerlikou motor {as de- 
scrilied hy Mr. Kaiip from aetiiiii tests) is hut 7+ jter cent, at full 
load. We must not, however, attach too much practical import¬ 
ance to very high ])ower factors, for the reason timt those shown 
in Fig. 5 are already within the range of first-class commercial 
work. rerha])8 wm may lictter investigate the relation of this 
power factor in actual operation hy reference to l*'ig. 6 which 
shows the relative currents reijiiircfl at difleroiit loads liy three 
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sizes of three phase motors. Curve a is for a 5 h. p. motor, 
curve B for a 10 h. p., and curve c for a 15 h. p. For 
convenience we will call the ordinates total amperes required. 

Suppose now we have a dynamo running an exclusively motor 
load composed of these three sizes of machines and let us see 
what will be the actual conditions when the motors are running 
fully and partly loaded. Let us suppose the load to consist of 
10, 15 H. p., 10, 10 H. p., and 20, 5 h. p. motors running at full 
load. The current demanded (as by the curves on Fig. 6 for this 
combination, is 1950 amperes, and the average lag factor will be 
at least 88 per cent., which could readily be raised to 90 per cent, 
if it were desirable to pay special attention to that feature of 
design. 

At half load the aggregate current required would be 1125 
amperes^—57 per cent, of the full load amperes—and the average 
power factor 81 per cent. Even at one-third load the condition 
of things is by no means as serious as it might be, inasmuch as 
the aggregate current is 890 amperes—45 per cent, of the full 
load amperes—and the power factor is still 72 per cent. The 
generator can readily take care of any of these loads without 
serious trouble from the lag introduced on the line, and even 
supposing that the total generator capacity be taken at 200 h. p. 
instead of 350, the aggregate capacity of the motors, it would 
still be able to operate all the motors at half or one-third load, 
without unreasonable over-excitation on account of the lagging 
current, as may readily be perceived by reference of figures for 
excitation and the lagging current which 1 have previously 
given. 

Of course it is possible to reduce the lag factor perceptibly by 
the employment of condensers, but it is certainly an open ques¬ 
tion whether so long as it is practicable to obtain power factors 
in the vicinity of 90 per cent., and even above it, without using 
condensers, the extra gain is worth the extra complication. 
There will certainly be some value of the power factor which it 
will not pay to increase by adding condensers—just what value it 
is hard to predict until condensers have come into more general 
use. Even if condensers be used they will not necessarily bring 
up the power factors, at moderate loads, to any very startling 
figures. 

The place where it is most desirable to retain as high a value 
as possible for the power factor, is where the motors are to be 
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used on long circuits, in which case it is important to keep the 
general inductance of the system low. In this connection, how- 
erer, nearly all the long distance propositions which I have in- 
Yestigated—and their number is very great—require the use of 
mixed apparatus—induction motors, synchronous motors and 
lighting, in which case the general energy factor can be kept fairly 
particularly as the synchronous motors can even be made 
to compensate in large measure for the presence of the induction 
motors. 

A word now with reference to eflSciency. Fig. 7 gives a pair of 
efficiency curves, one of them, a, taken from a 5 h. p. motor, the 
other, B. from a 20 n. p. machine. The 6 h. p. motor had four 
poles, the 20 h. p., six, and both were intended to run at 50 



cjcles. A glance at the curves will show that their full load 
efficiencies were respectively a trifle over 82 and 88 percent, the 
larger motor in particular retaining a very uniform efficiency 
from half load up. These figures can he [raised by paying the 
same attention to the iron as in the case of transformers which 
do not have a movable secondary. 

ture^rotTw^^ ^ 0^ ordinarily good arma- 

tuie iron without extraordinary precautions is annealSig. From 

a special 5 h. f. motor I have obtained a full load effidency of 

90 per cent. I e«i lerdly refrain 

ese efficiency tests with those of motors of similar size and of 

the s^chronous alternating type, as made by Ganz and Oo and 

7 ng 42. In this ease the maximum efficiency of a 25 h. p. 
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motor was 88 per cent., the half load efficiency about 80, while 
the maximum efficiency of a 5 h. p. motor was but 80 per cent. 
All these are, of course, commercial efficiencies. Motors of other 
sizes will bear about the same relation to the figures given as in 
•the ease of ordinary continuous current machines, the two shown 
being thoroughly typical. 

To conclude the matter of efficiency I annex the weight effici¬ 
encies of five sizes of induction motors: 


Weight per ii. p. 

5.108 

10. 66 

16... 68 

30. . . 78 , 6-pole 

100. 66, 8-pole 


These weights compare extremely well with those of any stan¬ 
dard direct current machines, and were light weight a special ob¬ 
ject, could readily be considerably improved. 

Much has been said regarding the effect of frequency on the 
properties of induction motors, and I am' sorry to say, most 
generally from a purely theoretical standpoint. Judging from 
numerous experiments between 30 and 70 cycles, I am strongly 
;of the opinion that within this range not much is gained or lost 
by varying the frequency, provided the motors are designed with 
reference to the particular frequency at which they are to be 
used, although as in static transformers, increased frequency tends 
to increased output. As reasons quite independent of the char¬ 
acter of the motors which can be obtained, limit the frequency 
advisable in power transmission work to something like the 
working range just mentioned, I do not think the gain is one of 
sufficient importance to cause a choice to be made of one 
moderate frequency rather than another. For example, low 
cycles compel the use of uncornfoi'tably large 2-pole induction 
motors, while at high cycles even very small motors must have 
6 or 8 poles. At 10 cycles the highest possible motor speed is 
600, at 100 8 poles are necessary to get any decently low speed. 

I will now briefly jmy my respects to what are really unsym- 
metrical polyphase motors, that is, the so-called non-synchronous 
single phase motors, which start by means of some phase differ¬ 
entiating device, whereby a derived phase is employed to pro¬ 
duce a sort of rotary pole. The resiilt is what may be character¬ 
ized as an elliptical rotary magnetization, as distinguished from a 
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circular one, and consequent loss of efficiency. In general they 
start and run like bad polyphase machines, have a less output for 
the same size, and a lower efficiency. These statements are amply 
borne out by figures which have been published on the Oerlikon 
three phase and single phase motors, showing that the latter have 
for the same output, greater weight and less efficiency. The 
power factors of such motors are decidedly below those of poly¬ 
phase motors. I believe that it would be possible, however, to 
design a motor of this class which should have nearly as good 
properties as the polyphase motors I have described, but it would 
be costly, and would perform much better, if regularly wound for 
two or three phases. In other words the same structure that 
would give a good single phase motor would give a phenomenal 
polyphase one. With single phase induction motors, the use of 
condensers would be decidedly advantageous, and they thus 
might be made fairly operative even at rather high cycles. 

Transformers. 

The static transformers used for polyphase work being, in all 
essential particulars, like those with which the public is already 
familiar, little need really be said on this score except that in 
most cases the average efficiency of ti’ansformers in polyphase 
plants, will be found decidedly better than in the lighting plants 
now in operation, principally for the reason that larger units are, 
and will be, generally used. 

The question of frequency is of more importance, however, 
and the general facts in the case are that the low frequency 
transformers, other things being equal, are the more bulky and 
expensive, though not in a very great degree. Within tlie work¬ 
ing range for power transmission work, the difference is, as in the 
case of motors, not so considerable as entirely to overshadow 
other considerations which arise in specific cases, such as those 
of permissible inductance, size of units, permissible heating, loss 

of energy generally under the particular circumstance considered, 
and the like. 

Eotary Converters. 

The convenient and efficient use of rotary converters is a very 
characteristic advantage of polyphase systems. These machines 
have already been considerably discussed, and it is perhaps suffi¬ 
cient to say, as regards their general character, that they are, in all 
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essential particulars, closely similar to standard direct cnrrent 
machines. They are self-starting, can readily be compounded' 
for constant potential, and behave in all respects like direct cur¬ 
rent generators. It is possible to make a similar single phase 
machine of somewhat smaller output for the same size, and non¬ 
self-starting. In actual operation they are highly satisfactory 
and appear to give considerably better results than any methods 
which have yet been brought forward for converting alternating 
into dire t current by any species of commutation. 

As a good many of our friends who are not deeply versed in 
the electrical industry say, electricity is in its infancy, and from 
all I can learn, the art of directly commuting an alternating cur¬ 
rent and getting a decent direct current is very decidedly in its 
infancy. 

In the use of rotary transformers, the frequency is a considera¬ 
tion of much more importance than in the case of transformers or 
of induction motors. It is a matter of some difficulty to build 
a large unit for high frequency, the difficulty being encountered, 
as might be expected, in the commutator. It is probably as easy 
or easier to build a 500 k. w. unit for 30 cycles, as it is to build 
a 10 ) K. w. unit for 60, so that where, for any cause, it becomes 
necessary to use a large number of rotary transformers, this 
necessity may quite control one’s choice of the precise frequency 
to be employed. 

In all practical cases of transmission of power, rotary con¬ 
verters require the use of transformers for reducing the line 
potential, inasmuch as if they are not used, the voltage on the 
main line will necessarily be so low that it would be quite as well 
or better to transmit the continuous current directly. 

The System. 

In planning a polyphase system, one of the first questions that 
naturally arises, is that of frequency in itsrelation to the machine¬ 
ry, the line and the service. So far as the first count is con¬ 
cerned, one can say that while in general the higher the frequency 
the less the bulk of the apparatus, each size of unit has a certain 
frequency which gives the greatest economy in material and 
labor. The larger the unit the less this frequency. The rate of 
change, however, is rather slow, and as an actual result of de¬ 
signing with economy in view, the largest units as yet proposed, 
5,000 to 10,000 H. p., will show very little difference in economy 
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between say 25 and 40.cycles. In discussing frequency, theorists 
have often fallen into tlie grievous error of considering only the 
generating units. The load of transformers and motors is of 
equal, in fact of greater importance, since the actual aggregate 
cost is far greater, and in nearly every practical case, will call 
for a frequency considerably higher than in the case of the 
generating units. One might, for instance, by ignoring this fact, 
save $10,000 in the generators and lose $50,000 in the trans¬ 
formers and motors. 

So far as the line alone is concerned, the lower frequencies are 
the better, since they reduce inductance and static effects. 
ISTevertheless too much importance should not be attached to 
this, since the vast majority of cases can be handled with perfect 
success at a frequency of 50 or 60 For example, one can trans¬ 
mit 1,000 K. w. at 10,000 volts a distance of 20 miles or so on a 
single circuit (three phase) and still have the total impedance 
less than double the ohmic resistance. In practice, such a system 
would generally too, carry a considerable output in synchronous 
motors which can be, and should be, made to serve as gigantic 
<3apacities, reducing, or even annulling, the inductive drop, 
Finally we come to the service. There is a frequency below 
which incandescent lamps cannot be operated without percep¬ 
tible flickering. This frequency certainly varies with different 
observers and perhaps also with the same observer at different 
times. Professor Mangarini and others have placed the limit as 
high as 40 or 50 The avei’age eye, I think, is less sensitive 
than this. Personally, the limit seems to be about 30 ^ cer¬ 
tainly over 25 and under 35 and a number of other ob¬ 
servers unite on about these same figures. It would be almost 
impossible not to notice variations at 25 and they are most 

annoying, not to say intolerable: 30 ~ certainly leaves a small 
enough factor of safety. 

Alternating arc lights are even more sensitive. The very best 
carbons begin to give considerable trouble at 40 and with 
most carbons, flickering is perceptible at 60 or even at 60. 

Inasmuch as most large systems find the arc lighting desirable, 
■and practically all must use many incandescent lamps, the fre¬ 
quency should certainly be kept above 30 ~ and preferably above 
40. To go below 30 ~ is wantonly to throw away the most 
characteristic advantages of the alternating system, and in the 
vast majority of cases is not worthy of serious consideration. 
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Capacity. 

To my mind the most serious consideration in long overhead 
lines and all underground lines is static capacity. Particularly 
is this the case when the current waves are non-sinusoidal, for in 
such case we can get phenomena of resonance not only from the 
fundamental frequency which is generally low enough to keep 
out of the way, but from the higher harmonics as well. These 
are liable to produce discharges that will rupture almost any 
finite insulation. For this reason the sine wave is highly desir¬ 
able, far more than from any considerations of efficiency. I am 
sure, however, that a sufficiently close approximation to it can 
generally be obtained from a properly designed dynamo, and the 
inductance that generally exists, helps to muffle the higher har¬ 
monics. Resonance is generally in evidence on long lines how¬ 
ever, and makes itself felt by a tendency to spark and sputter 
beyond the capabilities of the nominal voltage. It may prove 
advisable in some cases when dealing with non-sinusoidal waves, 
to give the line artificially a capacity that will not readily respond 
to the most prominent harmonics. I remember once experi¬ 
menting with a tuning fork with a sixth harmonic that quite 
drowned the fundamental, and it is quite possible to conceive of 
a dynamo with undesirable characteristics of a similar sort. 

Yoltage. 

The upper limit of practicable voltage is most uncertain: 
5,000 and 10,000 volts have been experimentally shown to be 
available, and 15 to 25,000 possible If the conditions to be 
met render these voltages necessary, I think they can be handled 
well enough. The question really resolves itself into the com¬ 
mercial one of paying for the necessary precautions in insulation, 
A voltage will be reached, however, at which these precautions 
will cost more than the extra copper required for a lower voltage, 
and here commercial necessity will call a halt. This point, how¬ 
ever, has yet to be experimentally found. 

Whether these high voltages should be derived direct from the 
machine, or obtained from step-up transformers, is a question 
which has been often discussed. The high voltage dynamo in 
very large sizes has the advantage in first cost over one of low 
voltage plus transformers, but runs a far greater risk of serious 
injuries. Besides, what is of practical importance, is that with a 
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high voltage dynamo, if an ything happens, the dynamo is gone. 
Take a 10,000-Yolt dynamo, let a rupture once get started, and it 
is a case of ruined machine practically every time. When yon 
have transformers and a burn-out, you may have lost one oi* more 
transformers to be sure, but probably you ai‘e running banked. 
Indeed it is very foolish to put all one’s eggs in one basket in such 
a matter. So instead of losing a 6,000 or 10,000 h. p. dynamo 
you may lose onl}^ a transformer of 100 k. w. or something of 
that kind. Although we would all like to use high voltage 
dynamos on account of economy in first cost, until they havre 
been practically proved to be sufficiently free from break-downs, 
I should say it would be very poor practice to use them exten¬ 
sively, although they are now being tried somewhat and I hope 
we shall find the results to be good. 

I am now'’ compelled to disturb a very much mooted question? 
that is, the amount of copper required for polyphase lines. It 
goes almost without saying that all polyphase systems using a 
complete circuit per phase will require the same amount of cop¬ 
per as an ordinary alternating system. Some statements have 
been going around recently as to the relative amount of copper' 
required for the alternating system and for the direct current, 
wdiich, I think, are very largely founded on a misconception. 
They seem to proceed on the principle that in all cases where 
alternating currents can be employed, we may consider direct 
current as a straightforward competitor. This is cei'tainly not so. 
In a vast number of cases where we have to deal with voltages 
somewhere near the limit of insulation, the direct current is out 
of it from the start, and is not to be considered at all. In the 
second place it is a grave question whether the electrolytic 
strains of the direct current are not under some circumstances, 
perhaps many circumstances, fully as bad as the electrostatic 
stresses caused by the somewhat higher alternating voltage. That 
is a subject that will have to be studied very thoroughly before 
we shall know quite where we stand. Now as regards the cop¬ 
per required for polyphase circuits which are interlinked, I 
went to the trouble, for the sake of informing a few recalcitrant 
persons who do not want to believe a mathematical demonstra¬ 
tion; of having an experiment actually made, setting up a tri¬ 
phase generator with a bank of lamps in the laboratory, and try¬ 
ing the relative conditions as between a single phase system and’ 
a triphase system with interconnected circuits. The experiment 
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was performed in an exceedingly simple manner. Four non-in¬ 
ductive artificial lines were prepared, and using two of these in 
parallel, a certain amount of energy was transmitted to lamps 
banked at the other end. A single phase current was used, and 
the losses carefully measured. Then one of the lines, this ex¬ 
periment having been made, was removed, and the remaining 
three wires worked on the triphase system, transmitted the same 
energy at the same initial voltage, with the same loss, showing 
conclusively, as might be expected, that theory in the matter is 
quite correct and that the actual saving of copper in the inter¬ 
connected tri phase system is twenty-five per cent. • The experi¬ 
ment came out within one per cent, of the calculated amount,, 
and this must be true whatever assumption is made regarding 
the conditions under which we are to transmit power. Take a 
plain alternating system at any voltage you please, and compute 
the copper on any series of hypotheses that may suit your fancy, 
yet the interconnected three phase will do the same work, and 
do it just as well with three-fourths the outlay for copper' It is 
precisely equivalent in its net result on the economy of the sys¬ 
tem to raising the voltage about fifteen per cent, without, how¬ 
ever, any added strain on the insulation, and I think the man 
would indeed stulify himself who would deny that raising the 
voltage affects the economy of the system. Aside from all other 
questions concerning it, an additional advantage of this particu¬ 
lar type of circuit is the greatly reduced inductance for the same 
energy transmitted under similar conditions, amounting only to 
about 57 per cent, of that found on a single phase circuit. 
This reduced inductance, which after all is in part attributable to 
the less cross-section of copper required, or is rather interlinked 
with it, is perhaps the greatest advantage that this particular 
system has, and makes it of extreme value on all very long lines. 
There are not very many points which differentiate triphase 
from other polypliase systems, and so far as ray knowledge goes, 
the two that I have mentioned are by far the most important, 
more especially that w;hich relates to inductance and incidentally 
to capacity—getting around as it does the ‘‘bugs’’ which are 
most dreaded on very long distances. So much for some of the 
practical considerations regarding polyphase plants. 

I may say that we now have in this country five polyphase 
plants running, not all of them very big, but perhaps averaging 
as large as the foreign ones. One of them, that of my friend 



28 BELL ON POLYPHASE APPABATU8, [Jan. 17, 

Stanley at Pittsfield, is a two phase plant. The others at 
Taftsville, Oonn.; Concord, N. H.; Hartford, Conn., and Red¬ 
lands, OaL, are triphase. Of those four triphase plants, one is 
particularly concerned with running induction motors. It is a 
small temporary generator installed in the present station, and 
taking care of several induction motors. Two others—those in 
Connecticut—are synchronous plants, the Taftsville plant con¬ 
sisting of a 300 H. p. generator and similar motor, and the Hart¬ 
ford plant being of like size but an older type of machine. The 
Taftsville plant I started only yesterday. The purpose of the 
plant is to drive a cotton mill. Yesterday afternoon a synchro¬ 
nous motor was started up—and it did start quite readily—at the 
Taftsville end of the line, the power station being four and a 
half miles distant and the voltage being 2,500. When the motor 
got up to speed, the motor clutch was thrown in so that 
the motor was running in parallel with the engine, and the load 
was then shifted from the engine to the motor without pro¬ 
ducing any noticeable disturbance at all. The shuttles moved 
sluggishly for a few strokes, and then went up to their normal 
speed, the service on the looms, which are occupied with weav¬ 
ing specially delicate cotton fabrics, being quite uninterrupted. 
In the course of the afternoon when it got quite dark at the 
power station, so that there was not suflScient light to attend to 
the long lines of shafting, the reverse process was put in play. 
The engine was started up in parallel with the motor, and then 
the motor was cut out by its clutch and the plant shut down, all 
without creating any disturbance. 

The Redlands plant is rather the most interesting of the four 
three phase plants, inasmuch as it is a mixed plant running large 
synchronous induction motors and lights off the same generator. 
Redlands, Oal., is a small city not far from San Bernardino and 
at the head of the valley that sweeps down towards the Pacific. 
The power station is seven and one half miles from the centre of 
distribution, and nine and one half miles from the extreme end 
of the circuit. About four and one half miles from the power 
rstation is an artificial ice plant where is installed a 150 h. p. tri¬ 
phase synchronous motor. There are two or three small motors 
and a considerable number of lights running in the city of Red¬ 
lands itself. I started up this plant the 7th of last September. 
That is the first triphase plant of any magnitude that we put in 
‘Operation on this side of the water, lily experience with it was 
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very satisfactory. The power house is in a most inaccessible 
location, and getting the generators there was no small job, but- 
about a week after they reached [Redlands I had the plant run¬ 
ning and turned on lights. The point in which I was particu¬ 
larly interested was the performance of the motor, it being of 
the synchronous type and having a very unpleasant load to start 
with. The ice plant was one of what are called the pipe variety,, 
where the compressed ammonia is made to expand in great tiers 
of pipes on which the ice forms in gigantic icicles which grow 
together into great barriers of ice that are afterwards cut away. 
There are about twenty miles of pipe in the plant, and for three 
weeks, perhaps, we had amusement in starting up that motor, 
pumping up pressure on the receivers, shutting down, testing 
pipes, then starting up and doing it over again. So we had a 
fine opportunity to observe how the motor acted when it started, 
and it started extremely well. On one occasion it started alto¬ 
gether too well. It was belted to two large ammonia compres¬ 
sors, and the very practical men who were running the ice plant 
looked with something of contempt on the small size of the 
motor. It did not look nearly as big as an engine ought to, and 
I think they had a sneaking suspicion that it would not start, or 
even if it did start, it would not do so with any regularity. One 
day 1 caught the superintendent of the plant standing behind 
the cylinder of one of the compressors shutting off the main 
valve, while the motor was running in synchronism. I told him 
that he had better quit, because if he did not, he might go out 
through the side of the house with the end of the cylinder just 
behind him. He quit temporarily. But about a week later,, 
when I was in the city of Bedlands, they started up and forgot 
to open the by-pass valves which allowed the motor to come up 
smoothly without any excessive load^—purely through accident,, 
of course. The result was, that the motor made about ten turns. 
The big driving wheel, 18 feet in diameter, then proceeded to 
get in its work, pulled the pillow-blocks off both compressors,, 
snapped the castings .which supported them and linked them to 
the rest of the compressor, as you would snap a pipe stem, tore 
the end bearings completely off, dropped the wheel into the pit, 
and sprung the shaft. All that, was the result of about ten turns 
of the motor, starting absolutely from rest and starting as an in¬ 
duction machine. After that experience the proprietors of the 
ice plant looked on the motor as “heap big medicine.” We had 
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110 trouble whatever in parallel running in the generating plant. 
The generators, 250 k. w. at 2,500 volts would go into step and 
run together perfectly well. No artificial load was used in 
throwing them in. If the load were on one, the other was simply 
brought up and thrown in with it. It was not often that we had 
occasion to run them any length of time in parallel—only for a 
few hours and usually simply in changing over. But there was 
not a particle of difficulty. They ran as smoothly as two railway 
generators would. So that with a machine which has a compara¬ 
tively small armature reaction and a frequency of about 50, these 
tri[)hase generators will run in parallel as nicely as if they were 
direct current. 

We were also somewhat interested in seeing if there would be 
any trouble from unbalancing on the line. We had heard a good 
deal aliout it, and the Eedlands company had been told a great 
deal about it by kind friends, so that we were much interested 
in seeing the effect. The practical result was, as it will be in 
every ease where even ordinary intelligence is exercised in plan¬ 
ning the plant, that it did balance. It is perfectly true that a 
triphase interconnected circuit, if very unequally loaded on the 
three branches is liable to get out of balance somewhat. It may, 
if conditions are unfavorable, get out of balance quite a little. 
If conditions are as favorable as they can readily be made, you 
will never know that there is such a thing as lack of balance. 
It does not begin to be as sensitive as a three-wire system. In 
fact all the abuse heaped on the lack of balance in the three 
phase system was poured on with double vigor years ago when 
the three wire system started. All the sore-heads and old fogies 
swore by all thaf was holy, that the three wire system would not 
balance, and to-day a very large proportion of all the incandes¬ 
cent central stations using continuous currents are running three 
wire. I suppose that we are to go through the same experience 
with the three phase. It is perfectly true that the system will 
be unbalanced in very unfavorable conditions, but if ordinary 
sense is used in arranging the plant, you will never hear of any 
trouble whatever from it. 

Another thing that we were very much interested in, was the 
effect of the big synchronous motor on the lamps. It did not 
have any—which was rather a surprise. I should certainly have 
been prepared to fi.nd some trouble from that big motor—as big 
as the entire load of lights. But except at the moment of start- 
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ing it gave no trouble whatever, and inasmuch as there was 
never any need of starting the motor when the lights were on, 
as we had two generators, it practically worked with entire suc¬ 
cess. 

I regard that experience in Redlands as most satisfactory, be¬ 
cause the machines were thoroughly modern, the plant was laid 
out for a three phase plant and was operated under ordinarily 
favorable conditions. There is one thing I should mention with 
respect to it, which I regard as of great impoi'tance, and that is 
the matter of governing water wheels. That is the })He noiT of 
every electrical engineer. Waterwheel governors mostly do not 
govern, at least with anything like accuracy. When the Red¬ 
lands plant was first started, the governor could not be depended 
on to hold the voltage constant within fifteen per cent., and it 
would hunt in the most vicious manner. Afterwards a change 
was made in the governor. The double cone friction arrange¬ 
ment which had been used to work the exciter shaft which drove 
the constant speed side of a Pelton differential governor, was 
thrown out after many attempts to make it work, and a small 
Pelton dift'erential governor was put in its place, together with a 
moderate sized fiy-wheel. That arrangement is holding the volt¬ 
age to-day perfectly well. It is the first waterwheel governor I 
have known to be actually operating with results entirely satis¬ 
factory to the electric company that is running the plant. That, 
after all, is the crucial test of a governor, not that it shall operate 
well before a committee of experts, or when it is being nursed 
by its inventor, but when it is in service twenty-four hours a day, 
and under such circumstances gives satisfaction. 

In concluding I can only say, I am convinced that polyphase 
work in one form or another has come to stay. It may not be in 
the form of two or three phase work just as we know it now; 
but the principle is pretty sure to stay by us. I do not have 
many fears that the polyphase plants now installed will be 
scrapped in a few months by reason of some invention that will 
entirely supersede them. We have threshed over pretty thor¬ 
oughly the possibilities of the ordinary alternating current, and 
by far the most practical thing we have as yet, is the polyphase 
in one form or another. You “pays your money and you takes 
your choice.” In some form it is going to stay by us long 
enough to make it worth while to develop it a little. 
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Discussion. 

The Pjresidbnt :-^Disciission on Dr. Bell’s paper is now ini 
order. 

Db. Bell, :—I wish Mr. Stanley, whom I see seated over there,, 
would tell us a little about his polyphase plant. He has the only 
two phase plant in the country. 

The President :—We would be pleased to hear from Mr. 
Stanley, not only on Dr. Bell’s invitation but on our own. 

Mr. Widli am*"Stanley: —I have been a very attentive listener 
to the very interesting paper Dr. Bell has given us, and I am 
sure I can appreciate a great deal that he has said. Those of us 
who have devoted a little time to this work and have, or think 
we have, got it to the point it has now reached, have met some 
obstacles that Dr. Bell has not mentioned. He passed them by 
yeiy nicely, but I know that he has had now and again to stop 
in his work, and perhaps to reconsider his designs and so revamp 
his old ideas, w hile I agree with what the author has to say 
in general, I also differ in a great many points. I would like 
to speak of one or two. I do not believe in a system of power 
distribution that has a power factor of about four or live-tenths 
under commercial conditions. The average load of a large 
power station varies from 30 to 40 per cent, of the maximum 
load of all motors. At that load the power factor as given by Dr.. 
Bell, if I correctly understand him, would be somewhere from 
45 to 55 per cent. In other words he would be sending out of 
his station as much magnetizing current for his motors, as he was 
sending out for doing work. Now I do agree with the Doctor 
that if it were possible always to keep our motors loaded, we 
could neglect the lagging currents in the system. It is possible 
—and Dr. Bell has clearly shown us how—to regulate a multi¬ 
phase generator, but when the current in the generator lags 45 
degrees, the armature reaction cannot be very small, and although 
the generator may be regulated—and it can be as Dr. Bell has 
shown—yet the variation of potential on the system outside of 
the generator is almost fatal where we desire to operate lights 
and "motors together. About fifteen or sixteen months ago we 
started in Pittsfield a 80 h. p. two phase motor and light plant. 
We are operating a saw mill, and part of a woolen mill. We have 
a 15 H. p. motor operating a printing press. We have three or 
four machine shops and some other small shops, and we are also 
distributing lights from the same circuit, the lights and motors 
being sprinkled about without any regard to whether the circuits 
are balanced or not. I have had a voltmeter on my desk day 
after day and watched the change of voltage as the lights and 
motors changed, went on and off in the afternoon, and the aver¬ 
age maximum change that I have been able to discover on the 
system has been a little over 2 per cent. It is the best, I am 
sorry to say, the most constant potential circuit that we have in, 
Pittsfield to-day. 
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This constant potential is entirely due to the fact that we have 
condensers on the motors, supplying the lagging currents to the 
motor magnets. 

I am surprised to hear Dr. Bell advocate synchronous motors. 
I thought we had got by synchronous motors Mr. Kelly, my 
associate, has developed a very clever device for taking care of 
the lag of the magnetizing current on very large motors, which 
is this—^if you take a synchronous motor, run it up to synchro¬ 
nous speed, either by an induction motor or any other means, and 
then over-excite its field so that the back electromotive force 
from the synchronous motor will be in excess of the applied 
electromotive force to it, the current in the synchronous motor 
will lag in respect to the motor, and lead in respect to the line, 
and by using a small synchronous motor in this way, we can re¬ 
place the condensers and furnish the lagging current for large 
induction machinery. And as it is possible to build large in¬ 
duction motors economically and to have them start—as has been 
shown—^with great torque, I cannot for the life of me see the 
use of synchronous motors. I think we have got by them. 

But there is a point which Dr. Bell passed over which to me 
is very important. He spoke of the question of frequency. He 
says that we ought to use any frequency practically between 30 
periods and 70 periods. Surely the Doctor knows, and we all 
know, that the torque of an induction motor is directly depen¬ 
dent on its frequency, and with your permission, I will put the 
formula on the board. 

W 1 ''I Ttni^TZTh - 2 TT %) jO J!/® 


Formula. 

N = Number of pairs of poles. 
n = Generator frequency. 

= Motor armature frequency. 
p = Eesistance of armature. 

M = Coef. of mutual induction. 

A = Primary current in motor field. 

L = Coef. of self-induction in armature. 


This formula gives the work done'by an induction motor ex¬ 
pressed in terms of the primary current. The work varies directly 
as 2 ;r times the frequency of the motor, multiplied into the 
motor slip times the resistance of the armature, times the mutual 
induction squared, into the primary current squared, and thd 
work of the armature varies inversely as the impedance squared. 
This is the regular formula for the work that an induction motor 
can do. 
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we^^rthi,7oSt .K‘4°ue^ ** frequency of tho motor, 

for torque = ^ ^ 2 , 2 ;r p A. '^ 

P" -f- (27c n — 2 71 J} * 

it equation to me, if 1 understand 

It. it you double the frequency applied to a motor you do not 
change the numerator of this formula. But how about the d2 

at dSf/ k J'*'"' because Z is one-fourth (J) 

at double frequency, and as a matter of fact in all hiffh fre¬ 
quency motom, the armature resistance should be lower with the 

are shorter, and you hare the impedance term on the whole less • 
you aIso_ hare the ratio of .g to Z in the armature less, and the 
current m the armature lags less. So if you double the fre 
quen^ in an induction motor, the lag of the armature current 
goes down yery greatly. Now look at it once more. If y™e 

Wency“?thf Jh designed for double the 

irequency of the othnr, and combine the material in a number 

magnetic circuits for constant speed, you can then determine 

the relatire armature reaction for the Lo frequeiici^s. Com 

sidering the motor as a transformer for the low frequency case 

tuiM, and on the armatui-e the back magnetizing power is 
^ r sin amp. turns. Now if you doubfe the flcqS^cy of 

the motor, you hare 2 A turns for your primary 

amp. turns, and for the back magnetizing power on the armature 
^ X ^ amp. turns. In other words, the armature turns per 

magnetic circuit, are one-half for the higher frequency case • cot,. 

in^outX? "r frequency motors ^the “ blow- 

struSL obstacle to motor con¬ 

struction. So I do not believe in low frequency motors T 

behere in motors of 130 periods, if possible.^ We are ooeratini 

our pla^ at Pittsfield at 130 periods. We are runnine a cotton 

mill at Housatonic at 60 periods, and we are using condensers to 
take care of our magnetizing currents ^ eonaenseis to 

I greatly appreciate the paper Dr. Bell has given us and trust 

Z. fT “ “ he ehow*n ttet he hi pr^ 

Mb. Charles P. Steinmetz Having had some exnericTTco 
mreelf with polyphase motors, I may add a few short remarks: 
First, with regard to this whole system of rotary field motors 

ew* the opinion is expressed that this way of produ¬ 

cing motion by a roteiy magnetic field is a veiy new thin/ Bit 
if you will look back into tie records of science to seme yim 
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before the oldest of us here were born—three-quarters of a cen¬ 
tury back you will find a complete mathematical inv'estigation 
and correct explanation, by Arago, of the experimental fact, old 
already at that early time, that a disk or a short-circuited con¬ 
ductor is set in rotation in a revolving magnetic field. You will 
find there the mathematical proof and everything. These were 
the earliest rotary field motors. 

About fifteen years ago a further step in advance was made. 
You find mathematical and experimental proof of how a revolv¬ 
ing magnetic field can be produced by stationary electromagnets. 
That was in 1879. So far with regard to the history of the 
polyphase motor 

It may be of interest, perhaps, to the members, since the 
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Fig. 1.—100 h. p. Three Phase Induction Motor, 33 Cycles. 

lecturer has so ably told us about the behavior of polyphase 
motors in general, to get some data of a 100 h. p. three phase 
motor, which I designed some time ago, and of which quite a 
number have been built and are now in successful operation. I 
have here plotted a curve giving the torque of the motor at vary- 
ing speeds. As abscissse are given the torque in lbs. at one foot 
radius—1,000 lbs. corresponds very nearly to 100 h. p. As 
ordinates are plotted the speeds in per cent, of the synchronous 
speed. (See Fig. 1.) 

You see that when the motor is running light, the speed is 
practically synchronous. With increasing load, that is, increas¬ 
ing torque, the speed drops, though very slowly, by only 8 per 
cent, at full load, or 1,000 lbs. torque. With stiir increasing 
torque, the speed drops faster and faster until a point is reachea, 
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at I 58 OO lbs .5 where the torque curve bends around, that is, the 
torque as a function of the speed reaches the maximum, and if 
the speed decreases still farther, the torque decreases again more 
and more, the motor losing its torque, until at last only 440 lbs* 
torque are left at standstill. 

This is the running condition: very constant speed at all loads 
up to the maximum load, which can be carried by the motor,, 
and lesser starting torque. 

Now, as Dr. Bell has told us, we can put resistance into the 
armature to increase the torque at low speed. Then we get a 
different torque curve. The speed decreases faster with increas¬ 
ing torque and has dropped of already by 24 per cent, at the 
full load torque of 1,000 lbs ; but the torque constantly increas¬ 
ing with decreasing speed reaches the maximum of i,800 lbs* 



Fig. 2.—15 h. p. Three Phase Induction Motor, 125 Cycles. 


about at rest, that is, the torque curve ii intersects the zero lines 
at about 1,800 lbs. 

^ These are the two extreme cases: in one case the armature re¬ 
sistance is as small as possible, very steady speed, 3 per cent, 
drop at full load, and even at 80 per cent, overload only 9 per 
cent, drop of speed, but only small starting torque. 

The other extreme case is: very large starting torque, but 
greater drop in speed. 

In the first case the motor will keep very constant speed up 
to the maximum point, at which it can give 1,800 lbs., and 
loaded still further, it will come to rest; in the latter case, with 
increasing load, the motor speed will steadily decrease until the 
motor comes gradually to rest at its maximum torque. Obviously 
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any intermediate condition between these two cnrves, the cnrve 
of maximnm starting torque and the cnrve of constant speed, 
can be reached by putting a lesser amount of resistance in the 
armature; and in reality in the 100 h. p. motor which I am 
speaking of here, an intermediate step is provided giving the 
torque curve in. 

Bat one statement I want to emphasize here: while the speed 
corresponding to a given torque can be varied by suitable re¬ 
sistance in the armature circuit to anything between curve i 
and standstill, no matter what the speed is, the same torque 
always corresponds to the same current, that is, the current de¬ 
pends upon the torque only, and not upon the speed of the motor, 
and the speed of the motor is independent of the torque or of 
the current, and merely depends upon the resistance in the arma¬ 
ture circuit, while the torque of the motor is independent of the 
armature resistance. 

This indeed is the ease only in a properly designed motor. 
Obviously there is no difficulty in designing, or rather mis-de- 
signing, a motor which does not fulfill these conditions. But 1 
only refer to motors which are properly designed.^ 

Then, at full speed or at a standstill, the toi’que is a function of 
the current only; that is, the current is the same for the same 
torque, although the speed may be different, and can be any¬ 
thing from this maximum curve i to zero. I may add here that 
these curves were calculated theoretically originally, but after 
the motor was built and tested I had no reason to change the 
curve, because the observed values fell into this line i, etc. The 
drop was exactly 3 per cent, and it gave this torque. I may add 
here in fairness, that in reality the pre-determination of a poly¬ 
phase induction motor characteristic can be done with far greater 
exactness than that of any continuous current machinery—the 
behavior under any conditions of load, speed and anything else. 

The motor whose speed characteristic is given here in Fig. 1 
is a 100 H. p. motor running at 33 cycles. The frequency, how¬ 
ever, has no influence whatever upon the behavior of the motor, 
upon its output, torque, etc. That is, obviously, one and the 
same motor when run at a frequency for which it is not designed, 
will, in general, work poorly, but what I mean is, that a motor 
can be designed for any frequency whatever, within reasonable 
limits, to give the same'characteristics, that is, work at the same 
variation of speed, torque, current, etc., for 126 cycles ^ well as 
33 cycles, as you can see by comparing the diagram in Fig. 1 
with Fig. 2, which gives the speed characteristic of a 15 h. p. 
motor, which I built for 125 cycles, that is, nearly four times the 
frequency of the motor given in Fig. 1. 

Hence, a motor designed for a frequency of 125 cycles be¬ 
haves at this frequency exactly as a motor designed for 33 cycles 
behaves at 33 cycles, supposing always, you know, that the motor 
is properly designed. 
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Obviously, if you try to run a high frequency motor at low 
frequency, it will not give any decent result, and if you try to 
run a low frequency motor at high frequency, it will probably 
fly to pieces. 

But as long as you maintain the same correct magnetic and 
electrical design, you can get the same good features at any fre¬ 
quency. 

Indeed one restriction has to be made here: if you go very 
high in the frequency, you have either to choose a very higli 
speed, which is mechanically objectionable, or you cannot main- 
tain the game magnetic disposition. 

Take for instance, a 10 h. p. motor. Now you do not want to 
imitate the steam turbine, but want to run at a decently low 
speed, say 900 revolutions. This will at 60 cycles per second 
give an eight polar motor of very good magnetic design. But 
at 125 cycles, you have a 16 polar motor for 10 ii. p. I'liis and 
the excessive drop of potential in longer feeders, due to their 
self-induction, and probably also the high speed required in the 
generators, are the foremost reasons which make a reduction of 
the frequency desirable. 

In balancing all the advantages and disadvantages carefully, I 
found that 60 cycles per second will be about the"^all around i)est 
frequency for standard alternate current work. 

With i^egard to static transformers and the frequency etfec^t, I 
have investigated and published a few things on this question 
before,^ and have shown that for a given size of transfoi‘rner the 
output is in inverse proportion to the three-eighths power of the 
frequency, if the transformer is worked at its~ maximum out[)ut 
as determined by the heating of the transformer, that is, if tiui 
loss of energy in the transformer, which, as known, is the limit¬ 
ing factor of the output in a properly designed transformer, is 
kept the same. But then the efficiency for lower frc<|U(meies 
gets lower, and the magnetizing current larger, and if you take 
this into account, you will get as an approximation, that the out¬ 
put of a given transformer is about proportional to tlie scjuare 
root of the frequency. 

But this rule only holds goods under the supposition tliat by 
reducing the frecpency you can run the magnetization liigher. 
Hence it holds only down to that frecpiency where the iron of 
the transformer approaches such a high saturation, tliat you can 
not decently run the magnetization liigher without getting a 
distortion of the wave of the electromotive force and an exces¬ 
sive magnetizing current. 

The progress made in the selection of the iron for transformer 
work, due to chemical analysis and careful testing of the iron 
for permeability and hysteresis, have made it possible to secure 
iron whose saturation curve makes a very sharp beud between 
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14,000 and 16,000, so that yon can run up to as high a density as 
12,000 without fear of distortion or excessive magnetizing cur¬ 
rent. 

This point of saturation of 12,000 is, as practical experience 
has shown, reached at 30 to 33 cycles, in larger units of trans¬ 
formers. Hence if you go still lower than that in the frequency, 
the output of the transformer decreases directly proportional to 
the decrease of the cycles, and the efficiency decreases in the same 
proportion. That is, the transformer becomes very rapidly 
bulkier and it becomes impossible to build transformers of de¬ 
cent efficiency at any other but very large units. Probably in 
the future with the improvement in the production of good iron 
etc., this limit may go higher. Perhaps four years ago the limit 
was at lower frequency, because it was not possible then to 
secure the iron that we get now. As an instance, 1 may men¬ 
tion that while two years ago Ewing’s value of the coefficient of 
hysteresis); = .002 was unrivaled, and the best Norway iron I 
could secure gave only vj = .0023, now the standard transformer 
iron vum from vj = .0020 up to vj = .0025, and is rejected if 
is found to exceed .0025, while some time ago I accidentally even 
got a sample of iron whose hysteretic coefficient was as low as 
vj = .00124, 38 per cent, lower than Ewing’s value. I did not 
believe this value at first, and had the test repeated three times, 
but with the same result. I have never got such iron apin. 

With regard to another point that came up in the discussion, 
the behavior of incandescent lamps at various frequencies, I had 
occasion to make a set of tests some two years ago. 1 had an 
incandescent lamp fed by an alternator driven by a continuous 
current motor, whose field strength I varied to vary the fre¬ 
quency of the alternator, and varied its excitations to keep the 
potential the same, and I found that at 15 cycles and up to 20 
cycles the flickering was so abominable that you could not look 
at the lamp without making your eyes ache. The brighter the 
lamp burns, the higher is the frequency where you notice the 
flickering. If you burn the lamp dull, at half intensity or so, 
then the flickering is still unnoticeable at 26 cycles, but becomes 
noticeable just below this. But if you run the brightness of the 
light up to or beyond the normal o. f., then you notice the 
flickering plainly at 26 cycles, and it disappears only just below 
30 cycles. I did not make any tests with arc lamps, but since 
the temperature of the arc is considerably higher still than that of. 
the incandescent lamp filament, probably the flickering is notice¬ 
able at still higher frequencies. Obviously the frequencies where 
flickering becomes noticeable, depend probably somewhat upon 
the personal equation of the observer. 

Mr. 0. T. Crosby As there is considerable personal equa¬ 
tion in the matter of flickering I should like to Jeam if others 
were present and agreed with the speaker in his estimate as to 
the flickering ? 
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Mr. Stein-metz :—I think the sensations of the gentlemen 
present at these tests agreed with me pretty well in that. Mi*. 
Eickemeyer was there, and I believe Professor Forbes was there 
also, and some other men. 

With regard to the parallel running of alternators, that is 
quite an interesting point, because that has been brought up 
quite frequently as a disadvantage of the alternating system that 
alternators cannot run well in parallel. 

To settle this question I carried out a lengthy investigation, 
covering frequencies from 25 cycles up to 126 cycles, and alter¬ 
nators and three-phasers of very low armature self-induction, as 
smooth core machines with very few turns on the armature, and 
iron-clad armatures of high self-induction, and found in no case 
any difficulty in parallel running, even under very extreme con¬ 
ditions, with properly designed alternators. 

Frequency and self-induction have directly nothing whatever 
to do with the ability of the alternators to run in parallel, and I 
found that it was a very difficult matter indeed, if two alter¬ 
nators are running once in parallel, to make them drop out of 
synchronism. 

Even equality« of potential is by no means necessary in the 
machines which shall be synchronized, although desirable for 
equal distribution of load. 

It is known that Mordey has succeeded in running a 2,000 
volt and a 1,000 volt alternator in parallel. 

I went even a step further and took two 1,000-volt alternators, 
high frequency machines (since many people still share the 
superstition that high frequency machines do not run as well in 
parallel), excited one machine up to 2,000 volts and left the other 
machine unexcited, at zero volts, and then closed the synchroniz¬ 
ing switch, thereby throwing a 2,000 and a zero volt alternator 
into parallelism. Both machines dropped into step directly and 
ran in synchronism at a potential of 1,075 volts at the bus bars.^ 

In the notion that for successful parallel running self-induction 


1. It may be of interest here to give the results of a set of tests I made on 
the parallel running of iron-clad high:frequency alternators at very different 
voltages. 

Two 60 k. w. 1,000-volt alternators, iron-clad high-frequency machines of 
the General Electric Company’s make running at their normal speed of 125 
cycles per second, were thrown in parallel at different excitations. 

Columns 1 and 2 give the electromotive force at the terminals of the two 
machines before synchronizing. 

Column 3 gives the difference between -one and two, that is, the difference 
of electromotive force between the two machines in the moment of throwing 
them in parallel. 

Column 4 gives the voltage at the common terminals of the machines after 
synchronizing. 

Column 5, the cross current flowing between the machines. 

The machines fell into step and kept in synchronism without any difficulty 
even under these extreme conditions, except that in the case where the one 
machine was entirely unexcited, a certain fluctuation was noticeable in the re- 
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is necessary, there is something true and something not true. 
The maximum synchronizing power will be exerted between the 
two alternators* if in the cross circuit formed by the armatures 
of the alternators, the resistance equals the ohmic inductance 
(not as it is frequently stated erroneously, if in the external cir¬ 
cuit this condition is fulfilled), but it is out of the question to 
use that, because if the inductance is so low as that, and you 
throw them together and they are not at absolutely the same 
phase, the synchronizing power will be so great, that they will 
probably be torn to pieces. But fortunately there exists no 
alternator that fulfills this condition, since in good alternators 
the armature inductance is far in excess of the resistance. The 
larger the inductance, the weaker the synchronizing tendency, 
that is, the less you need to be careful to get the same phase and 
voltage in throwing them together. But you cannot in any way 
with any decent machine get such a large self-induction that they 
will not run in synchronism. 

With regard to the unbalancing of the three phase circuits I 
may refer to the paper I read before the Chicago Congress where 
I gave a mathematical investigation of this question, showing 
that according to the conditions of the circuit, the resistance and 
inductance, you can get it to zero or as high as you want or not 
want. The avoidance of the unbalancing of a three phase sys¬ 
tem depends entirely upon its proper design. 

With regard to the synchronous motor, I have very fully in- 

aultant voltage, which periodically varied by ± 70 volts, showiDg the 
-approach to the limits of synchronizing power. 


SYNCHRONOUS RUNNING OF TWO HIGH FREQUENCY IRON-CL.^D 
alternators, general ELECTRIC CO. STANDARD. 

6o K. W. 125 CYCLES. 


E. M. F. of First Alternator 
Before Synchronizing. 

E. M. F. of Second Alterna¬ 
tor Before Synchronizing. 

Difference of the e. m. y.’s 
of the Two Machines 
Before Synchronizing. 

E. M. F. at the Common 
I'erminals of Both Ma¬ 
chines After Synchroniz¬ 
ing. 

Interchange of Currents 
Hetween Machines After 
Synchronizing. 

Excess of Momentary Cur¬ 
rent at the instant of 
Synchronizing over the 
Cross-Current. 

Volts. 

1,000 

1,100 

1,200 

1,300 

1,500 
1,000 
i 1*700 

1,800 
1,900 
2,000 

Volts. 

1,000 

900 

800 

700 

600 

500 

.00 

300 

200 
‘ 100 

Volts, 

200 

400 

600 

800 

1,000 

1,200 

1,400 

1,600 

1,800 

2,000 

Volts. 

996 

1,000 

1,000 

1,000 

1,026 

1,010 

1,040 

1,046 

1,060 

1,066 

1,075 ± 70 

Amperes. 

4.0 

6.5 

13-0 

t8.o 

24.0 

28.0 

39.0 

44.0 

50.0 

56.5 

62.0 

Amperes. 

2.0 

•5 

3*0 

4.0 

6.0 

6.0 

3.0 

5-0 

6.0 

5 5 

lO.O 

j -—-—--- 


Full load current = 52.0 amperes. 
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Testigated that also. Since I have built quite a number of induc¬ 
tion motors and they are running successfully, nobody can say 
that I am prejudiced against the induction motor. But I believe 
and am fully convinced that wherever a synchronous motor can 
be used, it is a serious fault of engineering to use an induction 
motor, because the synchronous motor is so far superior to the 
induction motor, even with condensers, in the reaction upon the 
line and in the eflSciency and the absolute constancy of speed, 
that wdiereyer the disadvantage of a lower starting torque is not 
of very serious consideration, especially for larger units, the only 
proper motor to be used is the synchronous motor, and only 
where a very large starting torque is required and, therefore, the 
synchronous motor cannot be used, or for smaller motors, where 
simplicity of construction and of handling is of foremost eon- 
sicmration, the use of induction motors is advisable. 

The condenser effect of the synchronous motor that Mr. Stan- 
ley spoke of is nothing new to me, nor probably to the members 
of the Institute, because if you look back in the Tu4nsactions 
to the discussion of Mr. Kennelly's paper on impedance at the 
pnl meeting of last year, you will find the statement made by 
discussion ^^That a synchronous motor at certain con- 
of excitation acts like a condenser of very large capacity.’’ 
iMt is all I think I can say at present. 

Simply referring to something Mr. Stanley said; 
r back part of the room and being a little hoarse myself, 

which I gave for the power 

Sit f «o™™ercial case toTus. 

/nV- '1*® ^-ated load of 

which r <rava fi induction motora from 

load is ifst Jhinr avers^e power factor at one-third 

V P®*" ®®^*-’ ®® case is by no means as 

ery Jignt loads have a bad power factor, even the best of thpin 
when it comes down to extremely light load one tenth rmJ* 

«gw, or of tliat ki/d. A^Sre orS- “ iX 

lorf they iu-e teidly quite good as to power^factor. ' ^ 

I should say that I fully agree with Mr Steinmety tb^f +l 

S^e“S'°7sT‘a”*•“ 

work oieel/inY/J, t tfetg = ^ 

S;‘ S--prSlt r aVnlrotoTikiS 

lailway work or something of that kind Then <^ome to 

use the induction motor in order to o-et th« h* + ^ bave to 

Most of the smaller work T hplie£> ^ necessary. 

the induction moi I 1 

synchronous. ’ work by thi 

In respect to the question of frequency, it perhaps sulBci- 
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ently discussed by Mr. Steinmetz. It simply falls in with my 
own experience, except that I rather confined it to the limits 
within which most of the transmission work will have to be 
done. That is, a little above that which enables you to run in¬ 
candescent lamps, and below that it gets you into serious diffi- 
cultv with induction. 

Mr. Stanley:— I think peihaps we are talking on a little 
different point with regard to frequency. My point was that 
with the same material in two motors designed for two fre¬ 
quencies the lag of current in the armature at low frequency 
must be greater than at high frequency. The power factor 
actually measured at the Pittsfield station—the motor plant at 
the Pittsfield station, is 94 to 96 per cent., by actual tests, with 
the condensers in. 

Mr. C. O. Mailloux: —As we have here this evening many 
authorities on the subject of alternating currents, I think it 
would be well to have the facts brought out regarding the limit 
of voltage at present imposed where it is necessary to use cables. 
I quite understand that it may be possible to use very high 
voltages where the wires run overhead. But there are many 
cases involving or suggesting the use of alternating currents 
w’here it is, nevertheless, necessary to use cables. NoV the ex¬ 
perience abroad has shown that tliey were not able to use suc¬ 
cessfully the extreme voltage which had been contemplated; 
furthermore the question must be influenced, as was very clearly 
set forth by Dr. Bell, by the cost of the extra insulation and pre¬ 
cautions required for the rise in voltage. It all really comes 
back to the question of cost. It would be interesting to know 
what the extra cost is of the extra precautions, as the voltage is 
increased, and especially to know what at present is the commer¬ 
cial limit, so to speak of alternating currents used in under¬ 
ground cables, for two phase and three phase. I apprehend that 
for three phase the cost would be a little higher for the cable, 
because the mechanical difficulties of placing three conductors in 
one cable, if used concentrically, which I imagine would be best 
on account of its better elimination of the impedance; and if 
there is any experience which has been had in this country at 
present, I think it would be very interesting to the fraternity to 
have the result of it. I have been given to understand, from 
having casually had occasion to look into the subject in connec¬ 
tion with a practical case, that about 2,000 volts was as far as it 
was expedient to go at present in using underground cables. 

The President I will call on Mr. Frederick Darlington to 
make some remarks on this subject. 

Mr. Frederick Darlington :—If 1 understand the gentle¬ 
man’s question, what he asks is the limitation of the conditions 
that you get when you go underground to the use of high volt¬ 
ages and high frequencies also. 

Mr. Mailloux :—Yes, frequencies also. 
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Mr. Darlington :—Dr. Bell tonclied on that qa(?stion when 
he said in his paper that the effects most likely to trouble you 
were the resonance of the circuits and the capacity of tlie cir¬ 
cuits. I cannot give you any information based on practical ex¬ 
perience as far as very high voltages are concerned. I can say 
in reference to the cost of insulation that it is usually customary 
for various reasons, under practical conditions, in putting down 
a cable for say 1,000 volts, to have margin of safety enough to 
run two, three, four or five thousand volts on the cable. One 
important reason for this (especially where you have aerial con¬ 
nection) is that if there is any possibility of lightning discharges 
on your line and you are working either 1,000 volts or 5,000 
volts you want to have sufficient insulation on the line to enable 
static discharges to be taken off safely. Except on very long 
lines you will not find the charge or discharge currents of cables 
enough to injuriously affect the working of the system at 3,000 
volts or less at the ordinary frequencies—anything less than 130 
•cycles. The matter of resonance I do not think will cut any 
figure at all at 3,000 volts or 5,000 volts, unless it may bo, pos¬ 
sibly, on some very irregularly shaped current wave. The capacity 
of ordinary electric light and power cables varying in sizes froin 
Mo. 3 and No. 4 B. & S. up to No. 0000 B. & S."is about one- 
third to one-half a microfarad per mile of conductor. When 
you are working a circuit you usually have two insulated con¬ 
ductors; and this capacity given is the total capacity measured 
to earth for both conductors. Suppose you have four-tenths of a 
microfarad per mile as the capacity of your cable. The capacity 
of e:ich side of the circuit will be half the total capacity, as each 
side of the circuit contains but half the cable, and since you have, 
two dielectrics in series, making two condensers each having half 
the capacity of the whole cable, the capacity between the con¬ 
ductors will be one-quarter of the total capacity of the cable in 
the circuit. If you have a little over two miles of circuit you 
have a little over four miles of conductor and that would gi\ui a 
capacity measured to earth of about two microfarads. Measiii*ed 
to earth for one conductor it would give a capacity of about one 
microfarad and give the capacity between conductors in actual 
working of one-half microfarad. That would make one- 
half microfarad capacity being charged and discharged all the 
tune, and that gives for 1,000 volts on 135 cycles about one- 
half ampere charge and discharge current. It is evident that 
in the assumed case the static capacity does not make the false 
current in that circuit very great. If you are working on a cir¬ 
cuit with more or less retardation, the capacity may come in as an 
actual advantage by very nearly neutralizing the retardation. 

commercial feature of it, I find that up to 
5,000 volts, using such cables as are readily obtainable in the 

balf-a-dozen good makes of 
cable that are safe for 6,000 volts. 1 do not find it economical 
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on 1,000*volt circuits to use a tliin insulation such as would be- 
unsafe for 3,000 or 5.000 volts 

Me. Steinmetz :—First I want to say one or two words on this 
power factor. If you use the same magnetic disposition you 
get the same power factor and same torque, current and every¬ 
thing, whether you have a high or low frequency, proper design 
supposed indeed. But by going down to lower frequency 
you are enabled to use a more favorable design. Consequently 
you can reduce the lag, increase the power factor and get a better 
efficiency and better output per lbs. of weight; hence a low fre- 
quency is preferable—within certain limits indeed \ obviously 
nothing is grained, but much lost at least in weight efficiency, 
and in flexibility, if you go down too far, for instance, below 30 

cycles. , . . . 

With regard to the cable, it is indeed true that m circuits 

with lagging current the capacity of the cable will by taking ^ a 
leading current, counteract and supply the lagging current in 
the circuit, so that occasionally more current comes out of the 

cable than is sent in. ... 

A simple analytical solution of the problem of a circuit con¬ 
taining distributed capacity, self-induction, resistance and leak¬ 
age, I have given in my paper read before the Chicago Congress,, 
with curves showing the periodical increase and decrease of cur¬ 
rent and of electromotive force along the line. 

But I would rather prefer to keep the la^ and not introduce 
this very dangerous compensation, because this capacity is not 
only in shunt to the self-induction of the receiving circuit, but it 
is in series to the self induction between the capacity and the 
generator, and in the generator, and in this case, if capacity and 
self-induction are in series, as soon as they balance each other 
they annul each other and you get a current as large as corre¬ 
sponds to the resistance only. Say you have a generator and a 
line which normally consumes 2 per cent, of the voltage. Then 
at open circuit, if the capacity of the line is just balanced by the 
self-induction, the current will increase to the value which it 
would have by short-circuiting the generator by the line with no 
self-induction, that is, to fifty times the normal value, and across 
the self-induction and across the capacity, that is, from line to 
line, you get the voltage corresponding to this abnormal current, 
that is, fifty times the normal voltage. That means resonance,, 
and that means destruction. 

Usually you do not get resonance with the normal wave of cur¬ 
rent, but may quite likely get resonance with one of its higher 
harmonics, which is of lesser amplitude and, therefore, causes a 
lesser rise, but in high potential circuits, it may probably be high 

enough to destroy. _ 

Mr. D arltnoton In speaking of the results from capacity 

and resonance effects, I spoke more from experience than from 
theory, and the conditions under which I have had experience- 
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in operating circuits underground have been very varied. In 
many instances I have put a very short underground circuit on a 
dynamo and had a small capacity in series witJi the self-indiic- 
tion of the armatures. In other eases I have had a laige static 
capacity made up from several underground circuits on one 
armature. 1 watched very carefully under botli those circum¬ 
stances for any effect of resonance or rise of potential or any¬ 
thing that would tend to injure the cable and I have never seen 
it to any degree at all. 

. Mr, Steinmetz : — I may give you some data on an experiment 
I made some time ago, on resonance at very low ]>otential and 
very low frequency. That was on a 100 volt alternating circuit 
of ^25 cycles, where the line had a large self-induction, Imt small 
resistance. The line was feeding a bank of incamlesceiit lamps, 
and across the terminals of the lighting circuit 1 ])ut a con¬ 
denser or rather an apparatus that was equivalent to a condenser 
of about 7,000 microfarads. Then I found that vvitli an electro¬ 
motive force of some 40 volts at the geiierator, at the mid of the 
line I had something over 100 volts, when a cnrrcmt of 100 
amperes was passing. That was J’esonance. 

^ JDr. Bell : — I am inclined to think that resonance of the 
higher harmonics is the rule rather than the exception. ] tliink 
there are comjDaratively few long lines of any kind where one is 
not likely to find a great deal more tendency to sjiarking and 
sputtering around the switchboard and on the fine than woiihl he 
accounted for by the normal voltage of the nnwdiine, even where 
the atmospheric conditions are not such as can account for it. 
There is quite frequently enough I'esonance to make it noticeaiile 
^a tendency to get some sort of abnormal quasi-static effect on 
a line of any considerable length. I am inclined to attrilmto it 
in many cases to the actual existence of this resonance mostlv 
of higher harmonics of the e. m. f. 

Dr. M. 1. PcjpiN:—I have observed peculiar resonance effects 
on short lines only about six feet in length, that is to sav, the 
alternator was only about six feet from the transformer. They 
seem to me to bear on the matter of sparking on long lines. Thi 
resonance effects which I refer to. never occur wlimi there is a 
big load on the transformer. It always occurs when there is no 
load at all, or a small load. It looks as if there was an oscilla- 
tion between the alternator and the transfonii( 3 r, which did not 
extend into the alternator or into the transformer. Of <smrm 
on this short line containing a small coil without iron there was 
a condenser in shunt with the primary of the transformer. Now 
it 18 quite possible to have resonance on a long line when there 
IS some distributed capacity there-and there always 

^ self-induction of the line be such as to give tlie length 

ine osculation on the line may, and according to my investiffa- 
t.ons,will occur extending into the inotor, S in Jtbe fi* 
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former or into the alternator. It is entirely local. I have every 
reason to believe, although I have no conclusive proof as yet, 
tha/ since this resonance effect, whenever it occurs, occurs always 
when there is a big self-induction in the transformer or motor, 
that it is due to some sort of a reflection \ that is to say, the high 
frequency wave belonging to some upper harmonics" strikes, as 
it were, a solid wall when it encounters the large self-induction 
of the motor or transformer and is reflected back. These inter¬ 
ferences between the direct and the reflected waves may quite 
easily produce the sparking observed on long lines, especially 
when these long lines are worked by an impressed e. m. f. of 
several thousand volts.^ 


[Communicated after Adjournment by Chas. P. Steinmetz.] 

The analytical proof, that the frequency has no direct influ¬ 
ence upon the action of the polyphase induction motor, is the 
followin 

Leaving aside secondary phenomena, which can be neglected 
in a properly designed motor, the maximum output which an in¬ 
duction motor can furnish is given by the equation: 


Tr = 


2 r + 2 


where 

•p = number of phases, 

E = electromotive force per phase, 

T — total effective resistance, 

■= total impedance of the motor circuit, per phase, that of 
the secondary circuit being reduced to the primary by the ratio 
of transformation.^ 


The impedance: 

u = 4 /^ {2 7t N Lf 

where 

A = frequency, 


1 Dr. Bell calls this phenomenon sputtering and not sparking. I have studied 
this phenomenon at some length and called it flaky discharge, becaxise it con¬ 
sists of minute silent sparks looking like small snow flakes which, when a 
large conducting surface is brought near the wire may take the forni of a faint 
brush discharge. This brush discharge will take place even at considerable 
distance, so through half inch of fibre, hard rubber or dry wood, even if the 
potentials, employed are only a little over a thousand volts, provided that the 
frequency is high enough, say over 300 periods p.er second. I intend to dis¬ 
cuss this phenomenon at some length in a paper which I am now preparing 
for the Institute. —M. I. P. 

%. It may be mentioned here that this formula is the fundamental equation 
of the output of an alternating current circuit containing resistance and in¬ 
ductance (the latter being positive as magnetic inductance or negative as capa¬ 
city inductance, while the resistance is the “ effective resistance'’ in the sense 
as explained in my paper read before the Chicago Congress). It applies to the 
maximum output of transformers as well as of generators, synchronous motors, 
or the whole system in general. ^ 
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L = coefficient of 5«^-induction (that is, coefficient referring 
to the magnetic flux interlinked with one, but not with the other 
circuit). 

With varying frequencies, if the same miignetie disposition ia 
maintained, the coefficient of self-induction 1, is inverse pro])or- 
tional to the frequencj. 

Hence 2 n ]!f Z, and therefore u and TF are constant and in¬ 
dependent of the frequency. 

Thus the^ maximum output of an induction motoi- of given 
speed and size, and consequently its torque, is independent of tlie 
frequency, if the same magnetic disposition is maintained. 

The same holds for the angle of lag of the motor, which at 
the moment of maximum output is given by 


cos ip 




—j— V/, 


il 


hence is independent of the frequency also. 

In reality^ as secondary phenomenon, a slij]^lit variation takes 
place with varying frequency, and gets a little larger, and 
a little smaller at low frequency ; that is, while the maxinmm 
output remains the same, the angle of lag gets slightly less at 
lo^r cycles, and the power factor a little higlier eonseqnentlv. 

However, if the same favorable magnetic design is maintainta] 
at a frequency of from 70 to SO cycles the periiilieral speed of 
me motor becomes higher thanisde-sirable for mechanical reii.soM.s. 

1 his IS one of^the reasons which induced me to recommend (!() 

cycles as standard frequency for alternate current circuits for 
light and power distribution. 

Schenectady, V., February, 1894. 


s to 


The President : If there is no fuidiher discussion I will call 
for the report of the Committee on Units and HtrncL'dr 

REPORT OF COMMITTEE ON UNIT.S AND STANDARDS. 

To tke President and Council, of the “Sdi. i%3. 

American Institute of Electrical Engineers. 

committee on •‘Units and Standards" 
recommend to the Institute the provisional adoption of :~ 

" ina>,metoniotive force the 

tL S° "t approximately. 

described as“hec"o s"ne of 

Se S ‘‘Sus?” forThe c c run"? o/’fl 
normal .square centimetre. ' ’ * ^ density, or one weber per 

June 2oth°T8™l!*rdvoc^ed t" 

magnitudes in conformity with tht ‘‘prScS™ol'*’‘r''' accorded to 

y w cn tne practical electromagnetic system. 
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and therefore following in natural order and extension from the volt, ohm, 
ampere, and other units in universal use. 

As, however, so important a series of new unit magnitudes could only- 
meet with general recognition and favor under the authorization of an 
International Electrical Congress, which authorization has been withheld at 
the recent Congress at Chicago, and since objections have been raised to 
those magnitudes, your committee considers that the urgent need for 
names specifying the principal quantities dealt with in magnetic circuits 
can best be met with general favor, by adopting for those names the 
fundamental unit magnitudes of the international c.g.s. system after the 
precedents already established in the cases of the c.g.s. units of force and 
work, entitled respectively the “ dyne” and “ erg.” 

Yours very respectfully. 

Committee on Units and Standards. 

F. B. Crocker, 

W. E. Geyer, 

G. A. Hamilton, 

A. E. Kennelly, C/iazrfnan. 

The President : —Gentlemen, you have heard the report. 
What action will you take on it ? 

Mr. Townsend Wolcott: —It does not strike me that those 
names follow the precedents already established. The names of 
individuals are applied to o. a. s. units in no other case. 

Mr. Mailloux: —There is another fact which I think ought 
to be brought to the attention of the committee, and that is that 
the term “ weber ” is already preempted. That was done at 
the International Congress of 1881. I think tliei-e was some 
discussion as to the substitution of the word “ampere” for 
“ weber ” which was then the accepted term for the unit of cur¬ 
rent, and it was agreed, and, I think, entered on the record at 
the time, that the word “ weber ” should be used for the abso¬ 
lute unit of current which is 10 amperes, and, I think, the term 
is still in vogue or in force as the name for the absolute unit of 
current (10 amperes). Hence before we could appropriate that 
term for the unit of magnetic flux it would be necessary to have 
some action rescinding its use for the unit of absolute current. 
The unit of absolute current is in reality seldom, if ever, refeired 
to by name. It was a very good way to relegate that term to- 
obscurity to use it for this unit, because we always speak of 
amperes and not tons of amperes or webers. At the same time, 
unless the way is made clear by undoing the work of that con¬ 
gress, I think we should hesitate to m^e use of the term for 
another unit until we have a clear title to it. I have no objec¬ 
tion at all to the term “ weber ” ,for that purpose, if we can have 
the right to use it. 

Mb. Steinmbtz :—I do not consider the proposal of our com¬ 
mittee a happy one, and should not recommend the adoption of 
these new names, for the reason that, when we introduced the 
name “henry,” we were aided greatly by the fact, that the name 
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‘‘ quadrant ” proposed before, was not in conformity with the 
established system of denotation, which applies to the practical 
units the names of eminent scientists, and denotes the absolute 
units with Greek names. Here, now, we fall in the same error 
and propose the names of scientists, not for practical units, but 
for absolute units. Therefore I fear no congress would adopt 
these names since they do not agree with the established practi¬ 
cal units “ ampere.” “ ohm,” etc. 

Furtheimore, 1 really cannot see any urgent need for these 
new terms. For instance, the first one—“ gilbert ”—the centi¬ 
metre-gramme unit of magnetomotive force will pi'obably never 
be used in practice, because everybody calculates with ampere- 
turns, which is more convenient than (c. a. s.) units. As to the 
term “weber,” you simply replace one name by another name, 
but the term “line of force” is generally used and cannot be 
mistaken for the practical unit,'and it serves the purpose fust as 
well. Then with regard to the term “ gauss ” you can fust as 
well speak of lines of force, of kilolines or megalines. For 
“ oersted ” the term of rnagpetic reluctance, the same holds as 
for gilbert. Kelnctance is not generally used in engineering 

practice, and if it is used, it is applied to:-_, Tb<ii*» 

, T 1 11 • i-i- ampere turns* 

lore I should not recommend proposing such names, the more 
as just after our success with the name “ henry,” we ouo-ht to 
be very slow and carefulnot to lose theadvantage that we gained 
by successfullypntroducmg a new name, in proposing without 
consideration and investigation new names, which have 
httle, if any, chance to be adopted finally, and should rather 

megali^s e. s. units, lines, kilolines, and 

•—What Mr. Steinmetz has said in re¬ 
gard to the absence of occasion for tlie use of the auantitioe 
now under consideration for names, has been up to the preS 
time unfortunately on y too true; for the reason that we ha?e 
not had names to call them by. That has been the experience 
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trie system, that there was no active general develooment nf tlio 
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say, this book weighs three hundred grammes, than three hun¬ 
dred units of weight in the o. a. s. system. Contrast the concise¬ 
ness and definiteness of these two statements. 

In regard to the objection as to names taken from eminent 
electricians or names taken from Greek roots, it is true we have 
not a sufficient number of great Greek electricians upon whom 
we can fall back for suitable names. If any one will suggest 
suitable Greek names that are likely to meet with support and 
favor, I am sure we would only be too pleased to hear them. 
But as we do not possess the facility for creating Greek names 
in this country that will meet with general apprehension and 
support, how can we do better than select these well known and 
honored names that have been such stars on the pathway of the 
development of this science. Surely there can be no question 
concerning the relative advantages of Greek derivations that not 
one speaker in a hundred might understand, compared with such 
names as those we advocate, which are household words among 
us all. We cannot at the present time expect to create new unit 
magnitudes. That is the province of an international electrical 
congress. But we can, without infiicting any disadvantage 
upon our neighbors, provisionally adopt names of this kind for 
units already established by electrical congresses—the c. a. s. 
units that we constantly employ—and we believe that by so do¬ 
ing, we can greatly aid the science and art of electrical engi¬ 
neering. 

Mr. Mailloux : — It seems to me that the objection might be 
to some extent obviated by regarding these terms as applying to 
practical units instead of o. a. s. units. They might, if we chose, 
be looked upon as being coincident with the o. a. s. value. At 
the same time in calling them practical units we would not be 
departing from the established precedent in that respect. We 
have a perfect right to confer such names as these on practical 
units. I think myself that the objection against invading the 
prerogatives of pure science is somewhat valid. I think that 
there is a tendency, in our science especially, to a certain jum¬ 
bling of terms by not giving careful attention to what might be 
•called the proprieties ” of lexicography, and I think that cer¬ 
tainly it would be a step which would command the approval of 
a greater proportion of the members and of scientific men gen¬ 
erally, to consider these things as practical units, rather than as 
•c. G. s. units, even though they might have the same value. For 
instance, it was a mere accident that we were using one ampere, 
and that we gave it a special name which was one-tenth the 
value of the absolute electro-magnetic unit of current. In the 
case of the proposed new units it may be a coincidence that we 
happen to use the same value as the absolute unit for the practi¬ 
cal unit. 

Another point that I would like to call attention to, is the fact 
that the expression ,7958 ampere-turn is a very awkward one to 
handle. That is one objection in fact to the adoption of the 
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term “ gilbert ” as now defined by the committee. It would not 
be used probably as much as the term ampere-turns to which we 
are now accustomed, for the reason that the conversion involves 
a rather awkward fraction. There is also a more or less definite 
objection to the nse of any term for reluctance, because the 
term reluctance itself does not express any concrete value unless 
we take into consideration the particular facts and circumstances 
surrounding the particular case. 

The Pbesident: —What action will you take on this repoi't, 
gentlemen ? 

Mr. 0. S. Bradley:— There seem to be two objectors and 
there were four members of the committee. I think the 
majority is in favor of the report. I move that it be provision¬ 
ally adopted. [Seconded.] 

Mr. Mailloux:— I move that the matter be laid on the table. 

[The motion was seconded and carried.] 

The President :—I call for the report of the Committee on 
Eevision of the Eules—Dr. Herzog, Chairman. 

The Secretary :—This report was handed in by the Chair¬ 
man, Dr. Herzog, who could not remain to present in person. 

The President :—It contains a notice of certain proposed 
•changes in the by-laws. The Secretary will please read it. 

The Secretary read the following report: 

REPORT OP COMMITTEE ON REVISION OF RULES. 


At a meeting: of the Committee, duly held, it was unanimously resolved 
to advise that the rules relating to elections be immediately changed as set 
forth below. 

In pursuance of this resolution and of the provision in Section VIII., 
controlling the manner in which amendments may be made, the prescribed 
written notice is hereby given by the Chairman on behalf of the Com¬ 
mittee. 


At the next or at some subsequent regular meeting of the Institutk the 
following separate amendments of the rules will be brought up ; 

Resolved, that Section V. be amended as follows ; 
ist change—After “ a ” in line 13 , add the words *’ second list headed.*' 
2 d change—Line 18 , after “choice” add “opposite the name of each 
nominee in each list shall be printed a number indicating the number of 
nominations received by him, and a suitable explanation of these numerals 
shall be placed on the sheet.” 

3 d change—Lines 33 to 36 , shall be changed to read “ sealed, unmarked 
and unidentified ‘ Inner envelope * of any suitable character, to be in its 
turn enclosed either in the ‘ Voting envelope* (received from the Secre¬ 
tary) or in any other envelope marked on its face ‘ Non-official Voting En- 
.velope-Enclosing a ballot only.* The outer envelope of either class must 
.be identified by the signature of the member on its face, and must be sealed 
and mailed to the Secretary.” 


Jan. 17 , 1893 . 

[Adjourned.] 


Respectfully submitted, 

rP. Benedict Herzog, Chairman. 
Signed, j T. C, Martin. 

(p. R. Upton, Assenting. 
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The eigbty-fourtli meeting of tlie Institutk was held this date, 
at 12. West 31st street, ana was called to order by President 
Houston at 8 p. m. 

The Secretary read the minutes of the last meeting and on 
motion they were approved. 

The Secretary read the following list of associate members 
elected, and of associate menibers transferred to full membership 
at the Council meeting held February 21st. 


Name. 

Babcock, Ci.ifkord I)., 
Barstow, Win.I am S., 
Clough, Alhkrt L., 
Crosby, James W., 
Forbes, George, 
Frantzkn, Arthur 

Gerry, Edward M,, 
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-Gesseaume, Charles 
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203 87th Street, Chas. A. Poremus. 

New York City. Wni, J. Jenks, 

h. Stieringer. 

General Supt., Edison Electric Chas. Hewitt, 
riluminating Co., 360 Pearl St., James Hamhlet. 
Brooklyn, N. V. J. P. Wintringham. 

Box 114. Manchester, N. H. Wm. L. I’uffer. 

Geo K. Curtiss. 
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l^lectrical Engineer. Wm. J. Hammer. 

Hix, Oosby & Co.. Jose*ph Wetzler. 

128 Broadway. Wm. J. Jenks. 

Electrical Engineer, T. C. Martin. 

34 Great George St., Joseph Wetzler. 

I.ondon, England. Horatio A. Foster. 

Inspector, Electrical Engineering R. H. Pierce. 
Dept., World’s Columbian EIx- I.emuel S. Boggs, 
position, 662ShoberSt.Chicago, G. Sacco Albanese. 
Ill. 

Weston Electrical Instrument Co., James Hamblet. 
114 William St., k O. Heinrich. 

Newark, N. J. Edward Weston, 

Chief .Draughtsman, Newark A. Osborne. 

E^actory, Westinghouse Electric Philip A. Lange, 
and Mfg. Co., Newark, N. J. V. N. Waterman. 

New York Representative, Wm. E. Geyer. 

Slater Eingine Co., F. A. Pickernell. 

Montclair, N. J. James H, Bates. 
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Hix, E. Randolph 


Lighthipe, James A., 


Morehouse, H. H., 


Hix, Crosby & Co., Electrical 
Engineers and Contractors, 128 
Broadway, New York City. 

District Engineer, General Elec¬ 
tric Co., 15 First Street, San 
Francisco, Cal. 

General Manager and Electrician, 
Alumbrado Electrice de Quezalte- 
nango, Apartado,Quezaltenango, 
Guatemala, C. A. 


Wm. J. Hammer 
Jos. Wetzler. 
Wm. J. Jenks. 

F. F. Barbour. 
Louis Bell. 
Elihu Thomson. 

C. O. Mailloux. 
H. A. Sinclair. 
Jos. Wetzler. 


Potts, Chas. Edwin 


Richardson, Albert E. 


Rittenhouse, Chas. T., 
Snook, S. D., 

TrAFFORD, E. W. 
Treadwell, Augustus, J 


Student in Electricity, 

1248 Dean Street, 

Brooklyn, N. Y. 
Lecturer in Science, County of 
Surrey, 55 Coleridge Road, 
Crouch End, London, Eng. 

Post-Graduate Student, Columbia 
College, 247 W. 138th Street, 
New York City. 

Manager, Williamsburg Exchange, 
N.Y. and N. J. Telephone Co., 
14 BoerumSt., Brooklyn. N.Y. 

Electrical Engineer, Richmond 
Railway and Electric Co,, 104 
N. 7th St., Richmond, Va. 

R., Private Assistant, Polytechnic 
Institute, 448 3d St., Brooklyn, 
N. \. 


Wendle, George E., 
Total 19, 


Instructor in Electrical Engineer¬ 
ing, Lehigh University, 705 
Dakota St., So. Bethlehem,Pa. 


Samuel Sheldon. 
O. R. Roberson. 
James Hamblet. 

R. W. Pope. 
T. C. Martin. 
Jos. Wetzler. 

M. 1. Pupin. 
F. B. Crocker. 
W. H. Freedman. 

W. D. Sargent. 
J. C. Reilly. 
R. W. Pope. 

A. M. Schoen. 
C. E. McCluer. 
M. B. Leonard. 
Samuel Sheldon. 

Chas. Hewitt. 
G, W. Gardanier. 

E. J. Houston. 

F. B. Crocker. 
R. W. Pope. 


TRANSFERRED FROM ASSOCIATE TO FULL MEMBERSHIP. 
Approved by Board of Examiners, December 7th, 1893. 

WOLVERTON, Bvron C. Electridan. New York and Pennsylvania Telephone 
Va» r’ r. ** Telegraph Co., Elmira, N. V. 
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argekt, \V.\{. D. General Manager New York and New Jersey Tele 
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Mr. Kbnnblly :—I beg, sir, to give notice of a motion to be 
made at the next meeting of the Institute, that the report of the 
committee be taken from the table at that time. 

The President :—It has been suggested that Mr. Mauro will 
read a paper concerning a Change of Policy in the Administra- 
of the Patent Office, prior to Mr. Leonard’s paper, as Mr. 
Leonard’s paper will be illustrated by experiments. I take pleasure 
in inti'oducing to you Mr. Philip Mauro, of Washington. 

Mr. Mauro: —Mr. President and Gentlemen. It may not be 
amiss, I hope, before coming directly to my theme, to express the 
gratification 1 feel in meeting for the first time, my fellow mem¬ 
bers of this Institute. Although, as I say, this is the first time 
I have enjoyed that pleasure, I have, nevertheless, through the, 
medium of your transactions noted with a great deal of satisfac¬ 
tion the progress of your body in keeping pace with the marvel¬ 
lous advance in the branch of human activity to which most of 
your members are devoted. 

I understand that the rules and practices governing your 
procedure here, permit the author of a paper, which has presum¬ 
ably been read and to some extent digested in advance, to present 
briefly the points and propositions that he desires to advance, in 
order to leave larger time for discussion. I shall the more gladly 
avail myself of this privilege, because, there is another paper to 
be submitted, which will probably be of more interest to the 
body than the paper I present, and because I am particularly 
interested in having those persons who are concerned with the 
subject that brings me here this evening, express their views in 
the fullest manner. 

[Mr. Mauro’s paper appears in full on the following pages.] 



A paper presented at the 84th meeting of the 
American Institute of Mlectrical Engineers^ 
New Yorky February 2ist^ 18^4. President 
Houston in the Chair. 

r —__ 


CONCERNING A CHANGE OF POLICY IN THE 
ADMINISTRATION OF THE PATENT OFFICE. 


BY PHILIP MAUfiO. 


Tlie views presented in these pages were called forth l>y the 
^nouncement or nimor that the present Commissioner of 
Patents had decided to inaugurate a radical change of policy in 
his office, in the treatment of applications foi- patents where the 
margin of novelty is small, or the exercise of invention doubtful 
i he old rule unwritten but tacitly recognized, has been; when a 
mibstantial^ doubt exists to give the applicant the henefit of it. 
xxiis 1*11165 saidj has been reversed. 

The policy and purposes of the head of this important bureau 

ularly to the industrial portion thereof; and while the present 
incumbent has not seen lit to make any public declai-atiou of his 

applications, the impression that very 

p ation, furnishes a suitable occasion for examining and consider- 

O*” ‘o tl.e indiria. Z a 

• \ s le natural desire of every citizen to see that 

atsrrZd’ Office 

TtT.« to produce the greatest possible benefit to the public 

the Com — changes which 

mtionThroX^^-^^^^ contemplate in the\dmin^ 

q of changes of this sort can never be wholly foreseen ami 
freq^tlj are of a nature quite unexpected. ^ ^ 

II.« M mj excuse for putting l»fo.e the Wruru or Eluc 
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TRiCAL Engineers my views as to the probable consequences of 
such change of policy in the Patent Office as is supposed now to 
be going into effect. 

The particular point of inquiry is, whether the examining 
corps of the Patent Office has been so lavish, lax and imprudent 
in the issue of patents, particularly where the novel improve¬ 
ment sought to be covered was of a trifling character, that the 
public interests have been detrimentally affected. If so, what 
are the particular evils that have resulted from this undue libe¬ 
rality, and how far should tlie Patent Office shift its ground in 
the other direction in order to avoid them i 

Upon the mere statement of these (juestions it is apparent that 
they will not be easy to answer in a conclusive and satisfactory 
manner; yet it is my hope and belief that, after a fair considera¬ 
tion of them, the conclusions will be that there is no ground 
whatever for appreliension of damage to the pul)Iic or to indi¬ 
viduals by reason of undue lil)eraHty on the part of the patent 
examiners, but that, on the contrary, the only damage that has 
been, or will be caused, proceeds from tliose members of the 
corps who by nature and habit are disjmsed to take the narr*ow 
and illiberal view of inventions. 

In so large a body of men as the e.xamining corps, there is, of 
course, great diversity of character, disposition, ami mode of 
action. In tlie exercise of judgment upon applications for 
patents, we find tlie two extremes of undue liberality on the one 
hand, and excessive strictness on the other, and this will always 
be so; but no one competent to judge will deny that, up to the 
present time, the work of the bureau an a ^nykole has been 
characterized l)y fairness, just discrimination, and due apprecia¬ 
tion of the rights of inventors, with a leaning rather in the 
direction of the more illiberal and narrow decisions which have 
in recent years emanated from judges of small experience in 
patent matters, and of sliglit acquaintance with the actual stej)8 
of the process whereby the development of the useful arts is 
effected. The patent system of tlie United States owes its 
present position of usefulness and importance to the happy cir¬ 
cumstance tliat its principles received tlieir first interpretation, 
and its purpose their first judicial declaration, from broad-minded 
and far-seeing men ; and so long as the development of the sys¬ 
tem follows the impetus and direction given it by the earlier 
decisions of the Federal courts, its beneficent influence upon 
national prosperity will extend on every side. 
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Unless the actions of the examining corps as a whoU have 
been lax, careless, and unduly liberal (which certainly is not the 
case), it is clear that the sum of all the effects of a change in the 
direction of greater stringency must be detrimental and injurious. 
The easy-going and indulgent examiner (how many such are 
there?) may be restrained from improvident gj’ants, but the man 
of fair mind and sound judgment will feel impelled to icfuse 
patents which, in the untrammelled exercise of his discretion, he 
would ordinarily allow; while the strict constructionist, whose 
dominant motive appears to be hostility to inventors, will be 
confirmed and encouraged in his disposition to perceive an antag¬ 
onist in every applicant for a patent, and to dispute and place 

obstacles in the way of every claim that is submitted for 
allowance. 


The proposition at this point is simply that the policy of the 
Patent OfiSce as a whole in the treatment of applications has not 
heretofore been liberal to the point of laxity or improvidence. 
_lhe only basis that I am aware of for any opinion to the contrary, 
IS the f^t that many patents have been held by the courts to be 
void or ille^l grants, on the ground that the subject-matter was 
not patentable, or did not, in view of the evidence and character 
of the results achieved, rise to the dignity of an invention, or in¬ 
volved merely the exercise of mechanical skill. But it would he 
hasty and illogical to conclude from this fact that the Patent 

i? applications, and that 

It would be proper to inaugurate a less liberal policy. In the first 

place assuming (which is rarely the case) that the Lrt in aumib 

dTcfsionof tree^^ before it the same evidence upon which the 
ecision of the examiner was made, we venture to assert that in 
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shorter time, to the study of a particular art oj- class of invention, 
and in the course of each day makes more decisions upon ques¬ 
tions of patentability than will ordinarily be presented to any one 
judge in the course of a year. On the other hand, the judiciary 
is composed almost entirely of lawyers who before their eleva¬ 
tion to the bench, if charged with similar patent cases to those 
they are then called upon to decide, would have considered them 
selves incompetent to conduct or argue them, and have been 
obliged to employ a specialist in that branch of the law. 

Furthermore, it must be remembered that we are not now 
considering decisions that expound the meaning of the statutes 
or declare legal principles, as to which, the voice of the court is 
the only authority that can be recognized. The question whether, 
in view of the state of the prior art, a given improvement was 
an inventive act, or diifered from mere mechanical skill, is a 
question of fact^ which in all trials at law, is decided by the 
twelve men wlioni the chance of lot may have placed in the jury 
box. In the nature of things, a decision that a particular me- 
chanical expedient or departure did not involve invention, can 
have little or no effect or value beyond the settling of the qnes- 
tion for that particular case. For e.xample, the decision that to 
put a rubber tip on the end of a lead pencil did not involve in¬ 
vention, or produce a jiatentable article (Reckendorfer Faber, 
92, IT. S.) gives no aid in determining wliether it was an inven¬ 
tive act to put a torsional spring on a telegraph sounder, there to 
behave in the manner usual with torsional springs. If the first 
case has cmj/ bearing upon the second, it would, of course, lead 
to the conclusion that the latter involved no patentable change. 
Yet the Supreme Court held otherwise (Western Electric Co., v. 
La Rue, 139, IJ. S.). 

Finally 1 would ask those wlio desire to find and follow court 
precedent in the class of cases now under consideration, to re¬ 
member that patents, involving changes apparently as slight as 
any that ever issued from the Patent Office, have been sustained 
by courts and judges of the highest reputation and authority, so 
that, if precedent be sought, it can be found in abundance and 
to the liking of the seeker. The example given above is a suffi¬ 
cient illustration. 

In drawing deductions from decided cases, however, it shotild, 
in justice both to the judges and to the examiners be said that in 
the case of most of the patents which have been found invalid by 
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the former, new evidence not accessible to, or perhaps overlooked 
bj the latter, has been presented ; so that in but a small number 
of cases can it be said that the decision of the examiner has l)eeii 
reversed bj the court. The [conclusion, therefore, is that 
decisions of this sort constitute no reflection upon the work or 
judgment of the Patent Office and no justification for aiij change 
of policy in the direction indicated. 

But admitting the full force of the fact that certain exaininens, 
in certain instances, have erred on the side of excess of liberality, 
what are the consequent evils as eomjyared with those of ermrs 
in the other direction ? The grant of a patent is, in ninety-nine 
cases out of a hundred, an act without consequences what¬ 
ever. But so potent for good is the hundredth invention—the 
one that contains' the germ of vitality and usefulness—to such 
an extent does it stimulate the exertions of other inventors that it 
more than pays for all the failures. The cliances, tlien, of issu¬ 


ing one patent too many, are infinitely small as com[)ared with 
the chances of prematurely stifling and suppressing what might 
be productive of benefit; so that tlie greatest care in conducting 
the work of the Patent Office is needed to guard against actions 
which both work injustice to meritorious inventors, and at the 
same time injure the public by depriving them of the advantage 
which inevitably accrues from the grant of a patent for a useful 
novelty, however trivial. 

As to the ultimate career of an invention, the judgment of the 
most experienced persons is ordinarily worthless. Fre(juently it 
is the things that promised least, from which tlie best results h'ave 
0 owed, and mce versa. It appears strange at hrst, and yet eii- 
tirely explicable upon reflection, that the novelties which contain 
the peatest amount of “invention” and ingenuity are often of 
the least practical benefit. Machines which are marvelous pro- 
ducts of inventive skill, and full of the most intricate and com¬ 
plex mechanism, for which a patent will be granted with 
n hnsiasni, become frequently but curious exhibits of misdirected 
mventive imagination; while on the other hand the inventor 
who aims to effect but a sl^gU departure or simplification of 

natarS'tl ^ accumulation of small changes of this 


It IS m partial appreciation and recognition of this fact that the 
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accepted policy of the Patent Office has heretofore been to give 
the inventor the benefit of the doubt in marginal and doubtful 
cases. Experience shows this to be the safe and wise policy. 
The examiner who knows something of the history of patentable 
inventions will, in cases like this, be influenced by the considei^a- 
tion that the results of the grant alone can determine whether 
the device in question has the quality of invention or not; that 
if it have that quality the inventor deserves his patent, and that 
if it lacks it, no material harm can result from its grant. He 
will also be influenced by the consideration that the grant confers 
after all only a prima facie right; and in proportion as the courts 
are the more ready to try anew, without regard to the decision 
of the examiner, the question of patentability, the more freely 
will the latter exercise his discretion in doubtful cases. 

But we have of late heard the reverse of this policy termed 
“ giving the benefit of the doubt to the This expres¬ 

sion thinly conceals the fallacious idea that» in rejecting a patent 
for a new but slight improvement, it is thereby given to the 
public. Nothing could be more delusive or contrary to actual 
experience. It is the grant of the patent, not its r(f maJ^ that 
gives tlie invention, great or small, to the public; and even the 
grant is but a step in that direction. After that, it requires the 
utmost persistence, tlie most favorable conditions, the enlistment 
of capital and enterprise, to make the blind and heedless public 
see that the change will be beneficial, and to force tlie stolid and 
reluctant public to adopt it. The notion that an improvement 
comes into possession of the public when the discriminating ex¬ 
aminer had decided that it is too trivial for a patent, is one that 
cannot exist in any mind after a most superficial consideration of 
the facts. The very contrary is the case, namely, tliat the most 
ejffectual way to prevent its ever coming into the possession of 
the public is to thwart the inventor’s efforts to secure a patent 
for it. 

Take any case of actual occurrence that will illustrate the 
point, as, for example, Butler v, Steckel (137 U. S., 21), which 
involved an improvement consisting simply in producing, by 
machinery^ a bretzel having the appearance of a hand-made 
bretzel. For some reason, there is a prejudice on the part of 
those who are partial to that delicacy, in favor of the laolcs of a 
hand-made bretzel; and the inventor in this case had the idea of 
satisfying that prejudice and yet effecting the great economy of 
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machine production. The Supreme Court, which has aJso judici¬ 
ally decided (McLean v. Ortmayer, 141 LT. S., 419), that “ inven¬ 
tion ” cannot he defined so as to determine in any given case 
whether the “ inventive faculty ” has been exercised or not, de¬ 
cided that there was no “ invention ’* in making a mould to 
produce an apparently hand-made bretzel. 

We may assume that the Supreme Court, while not knowing 
what “ the inventive faculty is,” but indeed declaring it to be 
unknowable, yet is gifted with some means of knowing when it 
has been exercised, and was right in this case, and conseouentlv 
that the examiner who granted the patent was wi-ong. TJie 
question that concerns us is, what consequences resulted from his 
action in granting the patent % It is easy to see tliat the results 
of this error of judgment, if it were one, were distinctly bene- 
ticial. The grant and publication of the patent made the im¬ 
provement known, and stimulated the patentee and his associates 
to introduce it to the public and demonstrate its nients. These 
were recognized, so far as to encourage others to take up the 
manufacture, thus accomplishing the great pui*pose of the patent 
law in spreading the benefits of the iinprovenient, and inciden¬ 
tally bringing about a suit for infringement. Tlieii, the case com¬ 
ing before the Supreme Court for application of the divining 
rod, or intuitive faculty, or whatever means that august tril)unal 
employs to detect the presence or absence of invention,’^ tlie 
subtle quality was not perceived, the patent was declared v'oid, 
and the whole matter—fully developed to the manufacturing 

stage, thanks to the examiner—was thrown into the public do¬ 
main. 

This is, and must be, the result in every similar case; and it is 
quite safe to say that if the examiner had assumed to pronounce 
that the /inventive faculty” had not been exercised in this mat¬ 
ter, the public would never have known anything about it, and a 
useful idea, even if not a patentable one in the o])inion of the 

judges who decided the case, would have been strangled in its 
incipiency. 

If, therefore, the judges have sometimes differed from the ex^ 
aminers as to what constitutes a patentable invention, I can see 
in that, no reason for hesitation in the granting of patents for 
fear the courts may find an occasion for such difference of opinion. 
The chances are that the judges were mistaken in many of these 
cases; and if they have corrected errors in others, they have sim- 
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ply discharged one of the purposes for which courts are estab¬ 
lished, and were certainly, with tlie evidence on both sides before 
them, in a better position to pass the final judgment than the 
examiner could be. 

Let the Patent Oflice, then, pursue its course courageously, 
leaving to the courts their proper functions, and not risking, in 
the attempt to avoid a harmless error, the perpetration of a cruel 
injustice to the individual and a serious damage to the public. 

Why refuse a patent because the invention is a ^‘little’’ one? 
Why take away from the humble inventor liis small invention 
on the ground that it is so trivial that the public ought to have it 
gratis, especially when it is thereby buried in tlie musty pigeon¬ 
holes of the Patent Oftice beyond the influence even of the res¬ 
urrection trump ? Why not give him the ‘‘little’’ patent that 
he seeks for his “ little ” invention, and encourage him to cultivate 
and tend and promote his idea, on the chance that it may be 
nurtured into something useful to mankind, even in a “small ’ 
degree ? The Patent Office need not fear the consequences of 
making a mistake in so doing, for there is every ground for 
assurance, that if the inventor succeeds commercially, the court 
will be ready enough to take away his patent if the invention has 
not the magnitude to bring it within the mental perception of the 
judge who tries the case. 

After all, the patent lias but the dimensions of the invention 
which it covers. If they be limited, the patent is correspondingly 
narrow. Therefore, the Commissioner and his examiners are not 
called upon to exercise the same discrimination as if a patent 
were an award or premium of definite value, only to be granted 
when an invention is found to posses a certain degree of 
excellence. 

But I cannot turn from the discussion of the relations between 
the courts and the Patent Office, without briefly referring to the 
other side of the subject, and endeavoring to point out where 
the real damage has been inflicted, and where tlie real danger lies. 

The trend of judicial decisions furnishes no occasion to narrow 
the field of patentable invention and of inventive enterprise. On 
the other hand, there is every reason to broaden the spirit in 
which the laws are administered in the Patent Office. 

The wrong that has been done in adherence to the policy of 
•trimming down each patent to the narrowest dimensions, is incal¬ 
culable. The courts, while ever ready to restrict patents by the 
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state of the prior art, never broaden them by interpretation be¬ 
yond the language of the claims, which bind the patentee, but not 
the infringer, nor anyone else. There was a time when correction 
of mistakes by enlargement of claims unduly limited, was per¬ 
mitted through reissue of the patent on the payment of another 
tax, and when the refusal of this privilege, even without an 
express statute, was denounced by the great Chief-Justice 
Marshall as an act that would be ‘‘disreputable in an individual ” 
and which “ a court of equity might interpose to restiuin ■ • ((rrant 

Eaymond, 6 Peters). But the “ courts of equity ” have since 
swept that privilege away, and the inventor’s only chance now'' is, 
with perhaps incompetent solicitors, and in the face of an alert 
and often hostile examiner, to secure claims sufficiently broad in 
the first instance. 

If we ask where a material injury has been done by an excess 
of liberality in the decision of an examiner, it would be difficult 
to find an instance. Jf we ask in how many cases have patents 
for meritorious inventions failed, because of the persistent and 
successful efforts of examiners to narrow the terms of the 
claims, it would be impossible to determine the enormous total. 

The catalogue of the reissue decisions contains the history of 
grievous wrongs and injustice, due in many instances to the in¬ 
ability of the inventor, through lack of means or of cotnpetent 
solicitors, to combat successfully the opposition of an examiner. 

The grant of a patent to an applicant for more, or otlmr than 
he can sustain before the courts profits him nothing, and deprives 
the community of no right. The failure of any inventor, who- 
has communicated to the public his discovery, of whatever magni¬ 
tude, to secure a grant to the full extent of his right, is occasion 
for profound concern, against which the officials of the Patent 
Bureau should be constantly on the alert. This part of an ex¬ 
aminer’s duty we have reason to think, is one that sits lightly 
upon his mind; and the exercise of official vigilance to which we 
are most accustomed has quite a different motive and object. 
Theoretically, the obligation above referred to is unifonidy rec- 
ogni 2 :ed. Practically, the examiner’s duty is usually discharged 
to his entire satisfaction when he has made a rejection. 

If, by the exercise of unusual watchfulness and careful scru¬ 
tiny, the issue of a few hundred worthless patents be arrested, the 
result may be creditable to the administration, but can hardly be 
regarded with satisfaction for any practical benefit accomplished. 
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The discovery and remedy of a single case of injustice, where 
the inventor has paid, perliaps, his last dollar for the preliminary 
fees, and is helpless to contest the too ready letter of rejection^ 
would afford, to iny mind, a far better basis for a claim upon 
public gratitude; and who can dispute that the opportunities for 
the head of the Patent Office, are much richer in this direction 
than ill the other ‘i 

I have noted with much concern the growing disjiosition of 
the patent examiners to follow tlie lead of some of the Federal 
judges in rejecting applications, wliere novelty was conceded^ 
on the ground that there was no invention in doing this in 
view of that,” or as sometimes expressed, because tlie matter 

does not involve the exercise of the inventive faculty.” This 
tendency has developed <piite recently to an alarming extent, and 
being a serious matter, which liitherto lias received but scant 
attention on the part of those whose interests are involved, it 
may not be amiss to devote a In-ief time to its consideration. 

If, in addition to the exhaustive and fatiguing labors of novelty 
searches, tlie tliirty-six examiners a,re to determine, in tlie case of 
every novelty submitted to them, wliether the new tiling specifi¬ 
cally pointed out and distinctly claimed, is an ‘‘‘invention” or 
not, it is manifestly necessary that they should be provided witli 
a clear and conipreliensive definition of wliat an “invention ” is, 
and that each and every examiner should recognize the same 
definition. The authorities do not, and confessedly cannot, fur¬ 
nish such a definition. Professor Robinson (than whom there is 
probably no person more competent to frame the nreeded defini¬ 
tion in words) in his exhaustive work on patents, defines inven¬ 
tion “ as the result of an inventive act,” which does not assist 
me personally to a conclusion which I much desire to reacln 
The Supreme Court, as we have seen, declares that invention is 
indefinable, and surely it is not profitable to search furtlier. 

We all know, moreover, if we have reflected at all on tlie 
subject, that whether the “inventive faculty” has been exei- 
cised in any case, is a question that lies outside the perceptive 
faculties and beyond the investigation of the reasoning powers 
of mankind. Now the law manifestly did not intend to charge 
the Commissioner of Patents with the duty of granting an ex¬ 
clusive franchise whenever he should find a thing which is im¬ 
possible to define, and which he could not recognize if presented 
to him. It charges him with the duty of investigating questions 
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of novslty and utility, clii6fly the formei, and gi\es liiin the 
means whereby he can discharge that duty effectively, and to the 
public benefit. But what is “ invention ? ” Who has ever seen 
^ inventive faculty ” at work, and by what signs can we distin¬ 
guish its product from that of “ ordinary mechanical skill ? 
There are no answers to these questions. There is no difference 
in kind between the one class of results and the other, and the 
dividing line will never be drawn. The Supreme Court has ex¬ 
pressly and repeatedly declared that— “The patent \»2)nma 
^OLciG evidence both of iiO'GGlty and ut'iXity. (Lehnbentci v'. 
Holthaus, 105, U. S.) Gandy v. Main Belting Co., 143, U. S. 
Western Electric Co. v. La Eue, 139, U. S. These are some of 
the most recent decisions of that court, and as the proposition is 
purely one of law, it applies equally to all cases. e find here 
a recognition of the duty of the Commissioner under the law, 
to investigate and decide the novelty and utility of the improve¬ 
ments in arts, machines, manufactures and compositions of mat¬ 
ter, for which patents may be sought; but I am not aware of any 
decision declaring or implying that the Commissioner is called 
upon to decide in any case whether “the inventive facility” has 
been exercised or not, and it is impossible to suggest any reason 
whv the Patent (Jfidce should assume so onerous a duty. 

In making investigations and advising applicants of the results 
of such investigations, to the end that they may not through 
ignorance claim things that are really old, or already patented to 
others, and for want of such information be led to difficulties and 
loss, the Patent Office is performing a magnificent service to tlie 
country. Por that service it is equipped with facilities and with 
a trained corps of experts, the like of which exists nowhere else 
in the world. It is in this respect that our patent system is in* 
comparably superior to any other. To what end are tliese 
elaborate investigations made, and for wdiat reason are they 
beneficial to the public ? He who supposes that the main ol)ject and 
beneficial result is to suppress in defence of public interests the 
issue of patents that could not be sustained, is surely in grievous 
-error. That such is not the case is proved by the workings of the 
English patent system for over a hundred years, and by the 
practice of every country of Europe where, with the exception 
f 0 Germany, patents are granted without any investigation wliat- 
ever. Nothing but actual or wilful blindness can prevent 
recognition of the fact that, to arrest the grant of a doubtful 
claim, for fear the patentee might in some way use it unjustly or 
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mischievously, is the least of all the purposes which the Patent 
Office is expected to fulfil. JNfo, the object and the merit of the 
■examining system is, that it advises inventors of the state of the 
arty and tlius prevents them, not from imposing upon ^ejouhlicy 
but from deluding and injuring themselves. If, with the results 
of the examiner’s researches before him, and with but a slender 
margin of novelty remaining, the applicant assumes the risk of 
a favorable judgment by the courts, and is willing to pay the 
required fee for a patent of doubtful value, I can conceive of no 
possible reason why the Commissioner of Patents should interpose 
objection. So far as I can see, after the best consideration I am 
able to give to the matter, the only question involved is a fiscal 
one ; and while it would often, in such a case, be a friendly act 
to the inventor to prevent his paying twenty dollars into the 
treasury of the United States, that is surely his affair. 

If then, tliere ought to be a general rule in such cases, as I 
think is manifest, why would not the best rule be, to give the in¬ 
ventor in every case where he is willing to pay for it, a patent to 
the extent of the novelty of this improvement ? This is an im¬ 
portant question, and if there be any reasons why such a rule as 
this should not be established, I should be glad to hear and 
consider them. Of all that could be urged in favor of it, I will 
here suggest but one thingmore; namely, the intelligibility and ease 
of application of the rule. Of late years the efficiency of our 
Patent Office has been at a minimum, because of the enormous 
accumulations of work, and the unreasonable time that must elapse 
between the application and the grant of the patent. No 
one, who has ever had business before that office, need be told of 
the prodigious waste of time consumed between examiners and 
.solicitors in the hopeless and unprofitable discussion of what is, 
or what is not an ^4nventive act,” The disputants in such cases 
must be aware that they do not know, and never can know the 
truth of the matter; and surely it would seem that the time con¬ 
sumed in searching for and citing inappropriate decisions, which 
serve only to cloud a subject already hopelessly obscure, conld 
more profitably be employed in those searches for novelty for 
which the office was created, and for which, out of the pockets of 
inventors the Commissioner and examiners are paid. 

Finally, not only are examiners (being but human) incapable 
of deciding whether a departure involves invention ” in the 
metaphysical sense,* but manifestly it is particularly unfair to re¬ 
ject on this ground an application for a novel improvement, how- 
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ever seemingly trivial; because to decide that question at the 
stage of development which an invention has reached wJiile yet 
under examination in the Patent Office involves ])rejudgnient. 
When the court decides this question, it looks and gives heed to 
th.Q restiUs i\mt have followed from the alleged invention and 
patent. This is but the application of the maxim of divine 
wisdom that a tree shall be known by its fruits. But to pass 
upon this question in the Patent Office, requires tlie examiner to 
judge by the fruits before the tree has sprouted, and to do that 
he must have, in addition to the gift of seeombsight, that of 
prophecy. No one, I think, will dispute tliat this is too much to 
ask of a body of hard working and faitliful public servants, 


particularly at the rate of compensation now fixed by law. 

1 submit then to my associates in this Institittk, whose mem¬ 
bers are working in a field where, of all others, it is most difficult 
to predict the results of trifling departures from established 
practice, and to whom, therefore, the questions tliat I Inive so 
inadequately discussed are of the deepest interest, that the 
Patent Office can best justify the wisdom of its founders, and 
best promote the w^elfare of the whole peof)le, by adhering to 
the rule of granting to every ap])licant a patent for all that is, 
or appears to be, novel in his particular improvement. If my 
conclusions be sound, and my reasons have anytliing like the 
force that I suppose, there is clearly room for a beneficial clninge 
in the policy of the Patent Office, but it does not lie in the 
direction which at this time it appears to be taking. 


Discussion. 

The Secretary read the following commimications from Messrs. 
V ansize and Thompson: 

- •—Ths matter called to onr attention by 

Mr. Maurois of great importance. 1 understand that the pres¬ 
ent administration of the Patent Office is enforcing a policy 
which IS undoubted y novel. Our patent laws and the practice 
of the Patent Office have heretofore been regarded as liberal, iust 
generally satotactoi-jr, and fully within the scope and spirit of 
constitutional authority. It seems that the novel policy recently 
inaugurated embodies a general rule of action to be followed by 
the various departments of the Patent Office, according to which 
an mvention or improvement fully described and properly 
claimed, shall be rejected and_ a patent refused whenever the 
means sought to be patented is deemed to have been attiuned 
without the exercise of the inventive faculty, or when by com¬ 
parison with the state of the particular art. tiie examiner is of 
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the opinion tliat no “ invention'’ was involved in its production. 
This is equivalent to deteniiining that if the particular examiner 
or department in question were called upon to supply a certain 
means to attain a certain end he would immediately, u])on read¬ 
ing the prior patents or publications, supply the demand with the 
arrangement of apparatus descril)ed and claimed l)y tlie appli¬ 
cant for a patent. Of course tins conclusion would differ with 
the different examiners. AVe cannot reasonably accuse each and 
every one of the thirtv-six examiners of haviniJ: this hiffh de- 
gree of intelligence and technical skill. It would seem very 
natural and very equitable that in case of doulff in the mind of 
the examiner, siicli doubt would be resolved in favor of the ap¬ 
plicant, and tliat the a])pHcation would l)e allowed, but I under¬ 
stand from Mr. Mauro, and it is my observation from my own 
recent practice, that the revei-se is the ease. 

It it very difficult for me to see why tliis should be so; it cer¬ 
tainly is not in harmony with the practice of courts of equity 
when called upon to pass u])on tlic validity of a patent in dis¬ 
pute. The courts are, and always have l)een, controlled l)y the 
doctrine that “ A patent should be construed in a liberal spirit 

“ to sustain the just claims of the inventor.Liberality, 

“ ratlier than strictness, should prevail where the fate of the 
patent is involved, and the question to l)e decided is whether 
“ the inventor shall hold or lose the fruits of his ucniiis and his 
labors.” (Rubber Coni])any vm*. (Goodyear, h AA^allace, 78S ) 
Patents for inventions ai*e to receive a libei’al construction, 
and under the fair application of the rule, ut /*c,v viaglH v<ihat 
qimin pereat^ are, if practicable, to l)e so interpreted as to up- 
hold, and not to (lostroy the right of tlie inventor.” (Tnrrill ts. 
“Railway Co., 1 AVallace, 41)1.) 

Those are the declarations of the Supreme Court of the 
United States relative to the construction of patents. Reasoning 
upon that doctrine controlling the treatment of ])atents, it would 
seem that the same doctrine should control the Patent Office in 


u 


dealing with an invention upon which a patent is asked to he 
issued. The Patent Office is liound and controlled by the de¬ 
cisions of tlie courts upon any contested question. Why is it not 
bound and controlled in cases wliere the practice is so clearly 
parallel and coincident ? 

The novel policy of the Patent Office will often ojierato to 
“ destroy the right of the inventor,” and cuts off all chance for 
the application of any such liberal rule unless you choose to in¬ 
cur the expense of going to the court to secure the grant of your 
patent. This puts the Patent Office in the position of obstruct¬ 
ing rather than encouraging advancement in the useful arts. I 
gather from Mr. Mauro’s remarks that the Patent Office has been 
moved to initiate its novel policy by reavson of the fact that 
sevez’al patents have recently been found by the courts to lie void 
for want of inveiitiou. Tins causes us, naturally, to inquire: 
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Would it not be better policy and l)etter practice for the I'ateut 
Office to follow the very liberal doctrine declared l>y the Buprenie 
Court in pursuance of which an inventor might secure his ])atent 
rights, and this, even in cases where there existed reasonable 
doubt on the so-called question of '‘invention’’i! In this ease 
the possible error of the Patent Office could he rectified in the 
courts. If you deny a patent, you cut off all chance which the 
inventor might have of securing suitable protection and remune¬ 
ration for his possibly meritorious invention. You condemn his 
invention and you deny that you may in error. Our i)aj)al friend 
in Rome cannot exceed that doctrine. In my humble opinion, 
if change is desirable, it would be far better to abolish all exami¬ 
nation as to merits, and grant a patent to any aj>plieant upon 
payment of the proper fees. That is the English custom, and it 
certainly avoids the rank injustice into which this liovcl policy is 
forcing us. 

Of course, I am cognizant of the fact that y<*u can appeal 
from the primary examiner to the Board of Examiners, and fail¬ 
ing in the Patent Office apply to the court. This is very t^xpen- 
sive in time and money. Why not grant a i>atent in th(‘ tii’st 
instance and then go to the court and test any doubtful <|ues- 
tions? It is certainly more satisfactory and less liable to result 
in that loss and injxxstice likely to occur in many eases fn-in the 
denial of adequate protection to meritorious inventions shouhl 
the novel policy he insisted upon. 

Mr. Edward P. Thompson: —What the author terms a rumor 
as to rejection of applications for want of exeixdse of the inven¬ 
tive faculty and for giving the doubt of patentahilify to the 
public, is more than a rumor, as I can testify that comparatively 
lately I have had more applications rejected for alleg(‘d want of 
invention than formerly. The examiners do not deny novelty 
but declare lack of invention, in more cases than formerly. This 
is my experience. I agree with Mr. Mauro that this policy is not 
for the public benefit. 

While I have had applications freely rejected upon the ground 
of want of exercise of inventive faculty,*! can compliment the 
examiners upon their fairness in reversing their decision upon a 
proper showing and argument. In general, I argue that, indo 
pendently of the decisions of tlie courts, independently of the 
commissioners’ decisions and many otlier authorities and cases, 
the United States patent statute 4,88(1, shows very clearly what 
the examiner’s duty is. Let us learn the exact' wording. It 
states that: ‘‘Any person who has invented or discovered any 
“ new and useful art, machine, manufacture or composition of 
“matter, or any new and useful improvement thereof may oh- 
“ tain a patent therefor.” The statute states other matters as 
to foreign patents, public use, etc., which have no relevancy here. 

That which is new and useful is an invention. As soon* as the 
Patent Office, United States courts, and other authorities will 
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take this statute as their guide, they will find nothing whatever 
as to exercise of inventive faculty. 

In no other department of law would the merits of a case be 
decided except upon facts, especially when facts exist. The two 
facts to be set forth are novelty and utility, which if existing 
prove invention. The degi'ee of novelty can be determined and 
admitted by the examiner. The degree of utility can be known 
by affidavits and more accurately only after the invention has 
been used by the public. Let novelty and utility determine pat¬ 
entability. 

Mk. Theodor J. W. Olan :—I have lately had some experi¬ 
ence witli i*eference to the Patent Office, and the practice of di¬ 
viding up patents, in the way examiners have tried to do it, has 
been especially pressed upon my attention. I lately had an ap¬ 
plication in for one patent—I supposed it was one—but the first 
communication I had from the examiner informed me that I had 
twelve in ventions there instead of one, and he wanted me to di¬ 
vide it up into twelve applications. He said that the different 
parts of this invention had already entered into the art as sub¬ 
jects for different inventions, and it was unreasonable to expect 
that the Patent Office would grant a single patent on so many in¬ 
ventions. I could not find that this examiner’s view was sustained 
l)y the law, so I wrote a letter in which I told him that I failed 
to find any section of the patent law, or any section of the rules of 
practice oi the Patent Office, which would allow him to take such a 
view of tlie matter. I asked him: “ Wliat could not be said to have 
entered into the arts as subjects for different inventions.” “ If,” 
said I, ^‘one inventor whose inventive capacity should turn 

around a head of a pin, should ask that a patent be granted to him 
‘^fora certain form thereof which he thought useful for one 
“ purpose or another, should now another inventor, therefore, be 
“ obliged to file his application for another patent relating to a 

complete pin in two different applications ? ” I said^ that I 
tliought there was no other way than this to find out which was 
an independent part in a patent case: namely to see if for any 
special part of an invention a special and^ independent patent 
could be granted without injury to the entire invention. That 
is to say, that the different patents which might have been issued 
for different parts, could, without injury to any of those parts or 
without injury to the whole invention, come into the hands 
of different contesting owners. I said that if they could not 
do that, then that was a proof that the parts in question were not 
separate inventions and that the inventor could not be called 
upon to file so many applications for what he thought was^ one 
sino-le thing. I then received an answer from the exammer. 
He^said that he maintained his views, but that he made it three 
instead of twelve. I said again that in order to remove this ob¬ 
struction, I will cut awav the claims he had asked for imd^er pro¬ 
test. I had also said, iii my previous letter, that I hoped m my 
own interest, and in the interest of other inventors, that should 
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the examiner not approve my views there exi;)resse(l, (\>n< 4 ‘ress 
might do it before loi^. Then shortlv after, 1 saw in a Wash¬ 
ington paper that the Commissioner liad just thought of altmang 
the practice, and I wondered if that did not liave soinetliing to 
do with this practice of the examiners of cutting up and disse(*t- 
ing the inventions so much. It might not be so much tlieir wish 
to refuse small patents as their desire to get as many ft‘es from 
the inventor as possible for one single thing l)y dividing it up. 

The President :—I see Mr. Forney, the editor of the 
ioan Engineer, here. I know the Institute would be glad to hear 
him on this subject on which he is abundantly capable of sjieak- 
ing. 

Mr. M. N. Forney : — I do not know that I have anything that 
I could add to this discussion which would be of interest to the 
gentlemen here. I have gone through some of the tribulations 
which most inventors go through at the Patent Office. 1 have 
suffered from the division and sub-division of my [latents, and I 
have also suffered, as others have who are in tlie habit of going 
to Washington for patents, in sometimes having my ai)j)li(‘ations 
rejected, 'fhe fact of there being a new rule adopteil in the 
Patent Office is, however, new to ine. 1 was not aware that any 
new system had been introduced tliere, and it probably acc ounts 
for some things that I Ciiuld not account for in my own experience 
recently. Anything, I think, winch wordd take away from the 
liberality of our patent laws ought to be very mn<*h* regrette<l, 
for the sake of the general advancement of the’arts and sciimctvs.’ 
Few of us realize, perhaps, how much this country ow(^s to the 
patent system which was inaugurated by those wise old fellows 
who founded our government a groat'many years ago. The 
question has very often come up as to what the rivsiVlt would 
be in case the patent laws were abolished, I think some of us, 
perhaps, by citing our own experience can give an indi(*ution of 
about what would happen. I know in several instancj's in which 
I have had mventions, of probably very little merit, but at any 
rate, I made application for patents for tliem in the J\atent < )ftice 
and it has happened, in a number of instances, that I luive dis¬ 
covered that someone else had anticipated my inventions. The 
result ot It was, I simply dropped the whole scheme, paid no more 
attention to it, and did notliing to develop it, althougli at the 
^ ® impression that the inventions wT*re of value. Now 

It that saine principle is applied all over the country, to all in’ 
yentors and to all mventions, the obvious result would be that 
invention would stop, and then instead of inventors devoting 

energy to the subject, they would 
® energy to some other pnriKme. 

speculating or something sim- 
ikr. The object of mventiiig to most of us is not entirelv the 

Jrmnit because we hope to realise some fUt 

It. iheretore, it seems to me that any policy of the Patent 
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Office vvhicli looks to a less liberal construction of tlie patent 
laws or the practice would be very disastrous not only to inven¬ 
tion generally, but it would be a step backward in the ]>i-osj>erity 
of the country. 

Mjb. Joseph Sa.ohs:— The rejection of an invention for want 
of patentability 1 really do not consider so very undesirable a 
feature of Patent Office practice. To my mind the examiner 
has in.view, in doing this, to discover whether the inventor him¬ 
self really l)elieves that he has discovered any new process or 
machine By showing the inventor, or trying to sliow the in¬ 
ventor, that he has not, and citing certain instances whore similar 
devices have l)een used in similar ways before, he brings forth 
from tlie inventor a series of ideas bv wdiich the inventor tr’ies 

4 - 

to show that he has invented something, and if those ideas which 
the inventor puts forth go to show that the inveiition is actually 
a valid one, then in most cases the examiner will take back his 
former decisi(m and grant a patent for the invention. 

I have found within the last two or tliree years that of very 
nearly fifteen applications that I have made, the greater part of 
them have been rejected for the want of patentability, the want 
of invention. I have never been quite as lucky as one of my 
predecessors in having found that there were twelve inventions 
in what I tliought was one; but 1 frequently found tliat tlie ex¬ 
aminer thought there was no invention at all. That in view of 
patent niimlier so and so in combination with patent number 
something else, the mere addition of a screw or s|>ring or some¬ 
thing else did not constitute invention. But ujion my showing 
that this spring or screw or something else was absolutely neces- 
saiy to gain this new effect, the |>atent was generally allowed* I 
really think that the mere citing of instances to liriiig forth ideas 
from the inventor, sliowing that his idea is anew and valid one, 
is not detrimental at all tooiir inventive advancement. I think it 
gives the inventor strength and gives him o])portimity to show 
up tlie points of advantage in his invention, and if liis invention 
lias IK) j)oints of real advantage he should not be gj'anted a patent 
tbereou. 


The Presidejs’t: —The Chair may perhaps be])ardoned if he 
adds his little to the history of the annoying experience in the 
Patent Office that may be summed up under that very disag!*eeable 
phrase, “ lack of invention.” Very early in the history of the 
art he attempted, in connection with Elihu Thomson, to take out 
a patent for what was practically the first transformer ever ap¬ 
plied for in this country. We sliowed an induction coil with a 
long thin primary and a sliort thick secondary, and the erudite 
examiner re jected the application on the statement that it con¬ 
tained or sliowed no invention. I remember the phraseology 
fairly well, as it made quite an impression on me at the time, be- 
eause I knew that we had a valuable new idea. The examiner 
informed xis that it did not constitute an act of invention merely 
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to change the relative proportions of the resistance in the primary 
and secondary wires. We know that it was, so to speak, a great 
invention as it gave to the world the transformer in place of the 
ordinary Ruhmkorff coil. The great trouble in this respect in 
the Patent Office comes from the fact that the e.xaminers are in¬ 
adequately compensated for their services. We should pay suf¬ 
ficiently high salaries to get unquestionably first class men. A 
broad-minded man that knew anything of the art never' could 
have made a mistake like the one I have mentioned. I do not at 
all wish to be considered as sitting in judgment on the e.vaminers 
in the Patent Office, especially in the very difficult department 
of electricity. They are excellent men. But I do think that a 
great improvement would come in urging the government to set 
aside a fair proportion of the profits of the office and apportion 
them more among the e.xaininers in the way of increased salaries. 
I think a real reform could be worked in that direction. 


[Communicated afi'ee Adjournment hy Mr. Ai.mon Hoiunson.] 

Those of us whose specialty is the making of small inventions 
owe the author a considerable debt for setting forth so clearly 
and forcibly our claims to recognition. 

It is generally admitted tliat inventors of the other soi-t, who 
patent their untried dreams and get broad claims on them, de¬ 
serve encouragement ^ but it is thought that the more carefully 
considered things, whicli show fewer unheard of features, will 
come along by themselves. Anyone who has had occasion to 
closely watch the way in which new devices and methods come 
into use knows that this is a mistaken view. 

I call to mind a case in which a manufacturing firm made a 
long and persistent effort to obtain a patent on a well tested im¬ 
provement in their own line of work. Failing on account of 
alleged lack of invention, they decided to drop the thing entirely, 
not earing to fit up for making it without the protection of a 

Another case can probably be paralleled from the experience 
01 iiiany meinbers of the lNSTrT 0 TE. A crude electrical idea was 
carefully spread out by a skilful patent lawyer. An independent 
offering the same idea worked into practical shape, was 
told that there was no patentable difference. Neither of the de¬ 
vices are in use. 

The necessary result of the threatened restriction would be to 
take away all inducement for trying to make sometliing useful 
out of the impractical anticipation which is always standing in 

The real trouble, however, with the supposed plan of the Com- 

fighting an imaginary evil, but that 
+T- work injustice in carrying out liis 

anTue^sfnari'^^/ Irom something that liesde^er than 

y personal shortcomings of the examiners; from the fact that 
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an examiner has loaded upon him the distinct and incompatible 
duties of state’s attorney and judge. He is first called upon to 
hunt up every possible objection to the granting of the patent, 
and must then sit in judgment upon his own work. It is not in 
human nature for him to judge fairly. 

It is easier to point out the difficulty than the remedy, but I 
venture to suggest a modification of a plan that has been before 
brought forward. Let the examiner do his worst and set forth 
all the objections known to him, and give the applicant the privi¬ 
lege of taking out a conditional patent, on which all the exam¬ 
iner’s references and objections are endorsed, and print these 
with the claims in the Gazette, 

Endorse on the printed copies and publish in the Gazette any¬ 
thing further which comes to the knowledge of the examiner so 
that the full state of the art as he understands it shall be at all 
times accessible to the public. Then provide in the Patent Office 
a board of appeal before which the patentee must take all 
matters in dispute before attempting to collect damages of in¬ 
fringers. 

I ask attention to one feature of this plan. It leaves the state 
of the art in full pxiblic view. Most workers in the electrical 
field can appreciate the advantages of this. 

Lewiston, Me., February 27, 1894. 

The President Are there any further remarks on this 
paper ? Shall we proceed to the next paper, or shall we now 
consider the election rules ? 

Nothing being said, I shall consider that it is the desire of the 
meeting to hear Mr. Leonard’s paper. 

Mr. H. Ward Leonard tlien read the following paper entitled 
“ How Shall we Operate an Electric Railway 100 Miles from the 
Power Station.” 



A paper presented at the S4ih Meeting of the 
American Institute Electrical Engineers, 
New York, February 2ist, 1894. President 
Houston in the Chair. 


HOW SHALL WE OPERATE AN EI.EOTRIO RAH.WAY 
EXTENDINO ONE HUNDRED MILES FIiC,)M 
THE POWER STATION. 


liY H. WARD LEONARD. 


Let us suppose that we are called upon to act as en-diieeiN for 
a steam railway desiring to operate its line l,v elective locomo¬ 
tives. There exists a very economical source of ,lower, possihlv 
a water power, so situated that the length of railway to he 
operated m either direction is 100 miles. 

Let us determine the leading points of the s|)e<;ification lor 
^ch a road, based upon om- experience to this .lute, and after 
aving le specihcation, let us see whether we are to-da\' able to 
comply with the specification, and if not, what must la> .lone 

before we can comply with it. 

. mnwfy i" ’"•'I' 

f/ 

Ist. A single trolley contact shall lie used for suiu.IvinLr 
current to the locomotive. ‘ ‘ ® 

attention Z .1 "" apparatiis in motion and re,,niring 

attention between the power station and the locomotii e 

locoLifeZah rZ'"-’ f •'i^vice on the 

and there «l n 1 ^ to a higher e.m. k. tlian 250 volts, 

any normal conditions. ^ ^ appamtus under 

shflUie SZZr locomotive in either direction 

shall be effected by the movement of one lever. 

of ener.ry dead rest by an amount 

bJ aken fiom the source of supply, wliich shall not ex- 
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ceed one quarter of the energy required to operate at full speed 
on the level. 

7th. The retardation of the load in coming doAVii gradesj and 
in stopping, shall he effected by converting the motors into 
generators, wliich shall feed back current to the line, and thereby 
assist the power station in operating otlier locomotives. 

8th. The motors must be reversible when operating at full 
speed, without damage to the motors oi* otliei* apparatus. 






Fig. 1 . 

A. Sinxle phase alternatinji current generator of »,ooo volts, 
li. Step-up transformer from i,ooo to so,ooo volts. 

C'. 'Fransmission circuit of 8o,ooo volts. 

D. Step-down transformer, 2o,oco to 500 volts. 

K. Trolley. 

F. Trolley wire, 500 volts. 

G. Ground. 

H. Synchronou.s single phase motor. 

I . Continuous current commutator of 250 volts .supulvinsr 

fields of H, K and L. y » 

K. Continuous current generator, 250 volts. 

L. Continuous current motor, 250 volts 

M. Reversing rheostat in separately excited field of K. 

N. Driving wheel of locomotive. 


9th. The efficiency of the system from power on the genera¬ 
tor shaft to the draw bar pull of the locomotive, shall be at least 
50 per cent, 

10th. The locomotive sliall produce at least 500 h. p-, when 
operating at a speed of 80 miles per hour. 

It will be evident that we must use a high e. m. f. for operating 
over such great distances. The average distance over which the 
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power is to be transmitted is 50 miles, and we find that in ordei* 
to operate with a loss in conductors of 20 per cent., we must liave 
an initial e. m. f. of 20,000 volts, in order to make the cost of 
copper about $20 per k. w. which is about the best figure for cost 
of copper under the conditions. 

The alternating current must evidently be used for such an k. 
M. F. as this, and the single phase alternating, since we have l)iit 
one trolley contact. 

Let us start (see Fig. 1) with the standard 1,000-volt single 
phase alternators in our power station, and convert by step-iip 
transformers from 1,000 to' 20,000 volts required for the trains^ 
mission circuit. Since we are limited to 500 volts upon the trol¬ 
ley, we must insert at suitable points, say every two miles, ti 
converter, which will transform the energy at 20,000 volts in tlie 
transmission circuit, to energy at 500 volts in the trolley circuit, 
one pole of which latter circuit will be the rails. 

We have our energy delivered at our point of use with reason¬ 
able cost and efficiency and by simple and well tried apparatus. 
But the energy is in the form of a single phase alternating cur¬ 
rent which is not very flexible. 

We can operate a synchronous alternating current motor b 
this current, but it cannot be regulated in speed or reversed in 
direction, and cannot be started under load, and will be thrown 
out of step if a large load be suddenly applied. As all of these 
conditions are required of the locomotives, a motor operating by 
the alternating current evidently cannot be used directly. 

But it is a simple matter to start the synchronous motor with¬ 
out load and when it reaches its synchronous speed it will perform 
woik eflSciently and satisfactorily, provided it be not subjected 
to violent fluctuations in the load applied to it. 

Evidently, then, what we need is some form of gearing between 
the synchronous motor and the axle, which will give us the de- 

sired control and enable us to operate at any speed and in either 
direction. 

It is quite possible that this can be accomplished mechanically, 
and many ingenious devices for this purpose have been invented 

but none seem to be sufficiently simple, reliable and lasting 
tor use on such a large scale. 

The equivalent of such a mechanical gear can, however, be 
secured if we will make use of the synchronous motor merely to 
drive a continuous current generator on the same shaft at a con- 
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stant speed, and use the continuous current so generated to 
supply the propelling motors connected with the axles of the 
locomotives. 

Since the generator is used for the motors on one particular 
locomotive only, we can vary its b. m. f. at pleasure, and 
hence can produce a low e^m. f. for low speeds, and increase the 
E. M. p. to increase the speed and by this means avoid the loss of 
energy which is wasted in rheostats when motors are started 
under load, and when connected as usual upon a source of 
constant e. m. f. 

In order to secure rapid changes in the e.m. f. of this continu¬ 
ous current generator at will, it will be best to have its field 
separately excited which will also enable us to reverse its field at 
pleasure. The propelling motors can be series, shunt, or sepa¬ 
rately excited. The best results will be obtained by separately 
exciting the field, and keeping it fully and constantly excited and 
reversing the motors by reversing the field of the generator which 
of course will reverse the curi'ent in the armature alone of the 
motor. 

To secure this exciting current for the synchronous alternating 
motor, and also for the fields of the continuous current genera¬ 
tor and motor, it will be best to drive by means of the alternating 
motor armature, and if desired in the same field, a continuous 
current winding connected to a commutator, from which will be 
led the current for exciting the fields of all three machines. 

Let us wind the fields for 250 volts, and also use this voltage 
for the continuous current armatures. This pressure is perfectly 
safe and can be handled with impunity. 

Suppose now the locomotive to be at rest. The synchronous 
motor is running and driving the generator armature at full speed 
in a field of no intensity, hence the propelling motors receive no 
current. We now make the first contact upon the rheostat in 
the generator field circuit and let the resistance in the rheostat be 
such as to produce say 25 volts at the generator brushes. 

This 25 volts will supply a very large current to the motor 
armature at rest in its saturated field, and consequently will pro¬ 
duce a sufiicient torque to start the entire load and continue to 
move it at a slow speed. 

We are using 26 volts and let us say 2,600 amperes in this cir¬ 
cuit ; this means 62,500 watts and disregarding transformation 
losses for simplicity, this means a current of 126 amperes from 
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tlie trolley. When operating at the rate of oOd n. i*. at full .s|)eed 
we shall need say 1,8U0 amperes and 250 volts in oiir propellini*: 
circuit, which is 450 k. w. and means roughly 0(M» amperes froiii 
the trolley. It is evident therefore, that we can start the lead 
with but a small fi-action of the energy reipiired for ojyeratiou at 
full speed, and that there will be no danger of throwing the al¬ 
ternator out of step by applying but about one sixth of its full 
load and applying that gradually as w'ill be the case, as the load 
will follow the increase of the generator field sti-ength, which 
although rapid, is gradual and not instantaneous. 

If we are operating at full speed, and desire to In-ing the loco¬ 
motive to rest, we gradually l)ut rapidly reduce the .strength of 
the generator field by manipulating the rheostat in its field cir¬ 
cuit so as to rediice to zero the current e.xeiting this field; the 
B. M. F. produced by the generator then rapidly falls below the 
countej E. M. F. of the motoivs, which are l)eing di'iven in a con¬ 
stant field by the momentum of the moving loud, and the motors 
consequently become genei-ators, and siipjdy curi-ent to the 
former generator which now becomes a motoi-, and di-iving the 
alternator, feeds current back through the trolley, thereby not 
only bringing the locomotive smoothly and rapidly to rest, but 
saving the eueigy usually wasted u|)on' the brake shoes. 

Under this arrangement, if we are using steam emnncs as the 
source of power, we never subject the engines to' the violent 
liuctuations ordinarily met witli in electric railways, and by 
reason of having a comparatively steady load, can secure very 
high economy in the consumption of steam, and since we have 
eliminated the excessive load in starting, we can very much re¬ 
duce the capacity of the engines, generatoi-s and conductors over 
usual requirements. 

smooth by this 

method. The lever of the rheostat in the generator field circuit 
is moved, so as first to reduce the current to zero, and then in¬ 
crease it again to its maximum but in the opposite direction 
around the field. The reversal of the motor armature, follow¬ 
ing the gradual change in the strength of the generator field, is 
extremely smooth, and the armature is not subjected to any sud- 
den str^n. No sparking will be met with under any condition, 

S AeJSt ^ ^ "P"" ‘I'* 

The combination of apparatne, and method of use I have de- 
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scribed, enable us to conform fully with the specification given 
above, and while it is possible that the future may make this 
arrangement appear clumsy and crude, it has the present advan-- 
tage of making use of apparatus we are all familiar with, and 
manufactured by a score of different concerns, and such an ar¬ 
rangement as I have described will serve a useful purpose until 
we can get the perfect single phase alternating motor, or the 
motionless transformer for continuous currents, which we have 
needed and waited for so long, and which many people even yet 
expect will eventually be realized. 

Personally, I have for some years believed firmly that the 
transmission of large amounts of energy over long distances 
must be done by the alternating current, and that the continuous 
current is the only suitable one for the efficient operation of 
motors which must be varied in speed, torque and direction. 

Plence, I believe that the lines I have described above will be 
the lines of future practice; namely, the use initially of an alter¬ 
nating current which will be converted upon the locomotive to a 
continuous current, and used in this form in the propelling motors* 


" After reading the paper, the author described his apparatus,, 
which was in operation upon the platform, as follows: 

The two brushes on the armature of this motor are connected 
directly to the two brushes on the generator, there being nothing 
in the circuit of the armatures, and the field of the final motor 
being directly across the line, and consequently being continu¬ 
ously and fully excited in one direction only. Of these instru¬ 
ments—in order to give you an intelligent idea of what we have 
here, this is merely a starting rheostat for starting the motor gen¬ 
erator under friction load. These two instruments read the vol¬ 
tage and current of the supply circuit, and I have selected an 
instrument for reading the current for supplying the whole 
system, with a rather large index, so as to clearly show the small 
current required to start the load. These other two instruments 
are connected with the armature circuit, the voltmeter and the 
ammeter. Both of them have their zero at the center and will- 
read in either direction. As the current in this armature circuit 
is reversed, you can read the volts and amperes in both direc¬ 
tions; the only instrument probably that you could observe the 
readings of, except perhaps later by closer examination, is theii - 
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strument reading amperes from the supply line at a constant po¬ 
tential of 110 volts. Now we have the motor generator in 
operation with its friction load, with its field excited, and with 
the field of the final motor fully excited also, but with no current 
around the field of the generator—the intermediate machine. I 
have here a brake which will enable us to give the final motor its 
full torque. But I will first remove the brake to show the per¬ 
formance of the armature under conditions of no load whatever. 
I have placed a chalk mark on the inside of this pulley, with the 
idea of having you see that the armature is in rotation. I have 
also made a chalk mark on the head of the armature at this end. 
it is now turning at perhaps one turn in four or five seconds, 
tinder merely friction load due to the residual magnetism of the 
field of the generator. There is no current in the field of the 
generator, but there is a little residual magnetism. I find from 

Teading the instrument that the voltage is now about two volts, 
and the amperes something like half an ampere, and there is, of 
course, no work of any kind being done, but the very slow rota¬ 
tion of the motor armature in its bearings. Now under the con¬ 
ditions that we have in this final motor, it having a constant 
field, the torque will be proportional to the current, and as we 
are in a position where we can vary the voltage supplied from 
the generator, the speed will be proportioned altogether to the 
electromotive force supplied, and since the product of the volts 
and the amperes represents the electric energy that we are using 
in that circuit, and since the speed times the pull in pounds, rep¬ 
resents the work which is being performed by the motor, the 
conditions that we have here are such that, disregarding tlie exci¬ 
tation currents, we have a perfect efficiency under any conditions 
of speed or torque in either direction. 'There is no waste of 
energy in rheostats, as is usual, and the very strong field of the 
motor fixes the lines of force so that there will be no sparking 
upon the motor commutator, and although a great many have 
anticipated that there should be sparking upon the generator 
•commutator, there is no sparking upon that whatever, and I will 
briefly state what appears to me to be tlie reason for this. In the 
case of a motor of constant potential, we know that if we weaken 
the field with a large armature current it will spark very badly, 
^nditisprobably from this knowledge that it was anticipated 
riiat the generator under similar conditions would also spark. 
But the conditions are different in this respect. In the case of a 
motor we have the full electromotive force upon the commutator 
and therefore practically a constant ''volts per bar” and then 
weaken^the field under these conditions. In the case of the eren- 
•erator the volts are a function of the field, and as we weaken the 
field of the generator, the volts per bar are reduced simulta- 
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jieously and proportionately, although there is a very marked dis¬ 
tortion of the field generator, and a very strong lead of the neu¬ 
tral point under the conditions of a weak field and a very strong 
armature current, the neutral point being perliaps distorted thirty 
or thirty-five degrees from the line on wdiich the brushes rest, the 
volts being broken by the brush are so slight on account of the 
low total E. M. F. being produced that no sparking is met with. 
Now as we cut out the resistance in the generator field circuit 
step by step, tlie amperes required by the "motor will be practi¬ 
cally constant as the torque is practically constant, but tlie volts 
on the armature circuit as we cutout the resistance will gradually 
rise, and the speed proportionately. Now the machine is running 
at full speed in one direction, and now we quickly reverse it to 
full speed in the other direction under full load, and as will be 
noticed without any sparking. 

One point that is spoken of in the paper is the restoration of 
energy to the line of retardation of the moving load. I will now 
lift the brushes of the motor while it is running at full speed 
without load. The motor continues to run for a very long time, 
as the friction of its bearings is the only thiiig that is tending to 
stop it, and it is moving at a very high rate ot speed, something 
like 1,800 revolutions per minute. l>ut under the conditions of 
practice, by movin<j: tlie generator field rheostat to tlie center, that 
is, weakening the field of the generator, tlie motor being driven 
by its momentum, produces an electromotive force whicli soon 
becomes higher than that of the generator, which is rapidly fall¬ 
ing, and it therefore feeds current hack. Consequently you will 
see that the motor comes to rest very quickly, and in so doing its 
entire effort is in the production of energy to drive the interme¬ 
diate dynamo as a motor. While it is running at full speed in 
that direction, we can instantly z'everseit to full speed in the other, 
as you see. 

Now, the full brake load of the machine, tiiat is, the full 
torque, is given it by this weight applied to this point. You will 
notice the index of the ampere meter here, and everything be- 
itig at dead rest, this small current would represent the amount 
of energy that would be required to excite the field and over¬ 
come the friction load. Now, making the first contact here, 
we give the generator field a very small current. We are send¬ 
ing an amount of current througli this motor armature which 
tends to make it go. The amount of current that it is receiving 
is six amperes, and it is not a sufficient torque to start under the 
brake load. The next contact gives ns a little more than eight. 
It now starts and is turning very slowly, with an ainount of cur¬ 
rent which is a little more than this motor is designed for. It 
has the full load and it can be made to move at a speed which is 
very slow, about 16 revolutions per minute, and, as you have no¬ 
ticed, the ampere meter here in the supply line has moved almost 
nothing, less than one ampere, from the position in which it was 
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originally. As we now increase the field strength of the gene¬ 
rator, we gradually get an increase of electromotive force from 
the generator and the energy from the line^ goes up just we 
increase the load. Now we are running at full speed and doing 
full work. While running at full speed we now instantly reverse 
the field and go at full speed in the other direction. 

Now, under condition of the ordinary rheostat control of ap¬ 
paratus, this full woi'king current would he required for accele¬ 
rating the motor under lull load. Here lam recording in the 
armature circuit an amount of current which is something like 
12 amperes, which is about 50 per cent, more than its full brake 
load, but the e. m. f. is only 20 volts. That same amount of cur¬ 
rent would be required to give the same torque if it were used 
in the rheostat method, and this ampere meter from the supply 
line in starting from dead rest under full load would read about 
60 per cent, more than its full load and full speed reading. In¬ 
stead of that, starting the load with this system makes only a 
deflection of less than an ampere from the line. Although I get 
in the armature circuit here something over eight amperes— by 
the way, in speaking of that I will point out one fact that I 
omitted—that the armature circuits of those tiiachines are 250 
volts here, so that in order to make any coniparisoii of figures 
between the current from line, which is 110 volts, wc must' give 
dne consideration to that. The reversal of the load takes jilace 
without any sparking whatever and is perfectly smooth, it is a 
feature of this system that, the fields of both the generator and 
the motor have no connection whatever with their armatures—no 
electrical connection of any kind. Oonsequeotly in the handling 
of the apparatus there is no tendency to sparking at the lirnshes 
due to any rapid changes of the field magiietisni or an y breaking 
of the field magnetii-m. Another point is that at the time tlie re¬ 
versal occurs, the electromotive force produced by the generator 
is zero and there is no tendency to spark. Yon will notice that 
the current from the supply line goes up perfectly smoothly in 
proportion to the work it is doing. It does not jump beyond 
where it should and then finally come back again. ' Of course, if 
we were handling anything like a train or any body of large mo¬ 
mentum the movement would probably be tolerably slow as com¬ 
pared with the handling 1 am giving it now. I do not think of 
any other points that I wish to speak of in connection with the 
apparatus unless some questions are asked in regard to it. 

The President: —Mr. Leonard’s excellent and instructive pa¬ 
per is now open for discussion. 

Disohssion. 

Me. Chaelbs G. Cdetis: —I would like to ask Mr. Leonard 
why it would not be the better plan to place the armature field in 
series. 

Me. Leonaed: —Its armature and its field ? 

Me. Chetis: —Yes. In other words, in starting, a great deal 
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of power is required to overcome the inertia, and the amperes 
required in the armature connected with the wheel would be ex¬ 
ceedingly high. Don’t you think so ? 

Mb. Leokaed:—^Y es. 

Mr. Ouetis: —Well, in railway motors ordinarily, it is found 
almost necessary, unless the field is intensely strong, to put the 
field in series with the armature, so that the field would have a 
very strong current flowing through it when the armature does. 

Mr. Leonard:— ^Well, we have a field which is saturated, and 
I do not believe it would be increased materially by any increase 
of current. The field is constantly excited and fully saturated. 
It is directly across the line, and in this case it is the regular 
shunt winding of a shunt motor disconnected from the armature. 
It is connected directly across the line. Of course, if we were to 
attempt to work with a series wound motor for the last one, the 
reversal of the field of the generator would not enable us to re¬ 
verse the motor, as it would reverse both the armature and field 
current. 

Mr. OtjRTis "That could be done by a separate switch. 

Mr. Leonard :—Yes. But I do not see that there is anything 
to be accoiTiplished by that, and you certainly get a variation of 
the field of the motor which is one of the most undesirable 
features. 

Mr. Ourtis :—It seems to me, Mr. Leonard, if you apply a 
very heavy motor to the armature of your generator and weaken 
its field so as to get a very great reduction in the electromotive 
force, as much as 75 per cent, reduction—^you would necessarily 
get a distortion of the field. I cannot see any difference between 
the case of a generator and the case of a motor as regards spark¬ 
ing. 

Me. Leonard :—Well, I do not know that I can do anything 
but try to make it more clear by repetition. In the case of this 
motor here, tliere are 250 volts across the brushes, and if we 
weaken the field of the motor it would certainly spark very 
badly. But in starting the load there are across the brushes of 
this generator but perhaps twenty volts, and its field is very weak. 
Now with a full current in the armature, that is, the full starting 
current, there is a very strong distortion of the field, and as 1 
said before, it probably amounts to something like 36 degrees. 
We would find that the line of maximum difference of potential 
is some 35 degrees from the line where the brushes are. But at 
the point where the brushes are, the whole electromotive force 
around the commutator being but one-tenth of its full e. m. f., it 
is equivalent to multiplying the commutator bars by ten, at any 
rate, and it really has a much better result than that. There is 
absolutely no sparking from the generator brushes under any 
conditions where I have ever applied it as yet, and I have applied 
it under very severe conditions and in the movement of very 
large loads in electric cranes and elevators. Of course the distor- 



86 LEONARD ON ELECTRIC RAIL WA | Feb. 21, 

tion will be first in one direction, and then wlien the field is re¬ 
versed it will be in the other direction. Therefore yonr brashes 
should be set for no load whatever. 

Mr. Curtis :—Have you tried it on very large machines— 
large armatures ? 

Mr, Leonard :—Machines of fifty horse-power. 

Mr. Curtis :—How much do you weaken the field when yon 
are getting the first part of tlie starting torque ? 

Mr. Leonard :—Tliere is a resistance in series with the tiekh 
in a motor of 260 volts and of such a horse power as fifty, of 
perhaps a thousand ohms in series with the held. 

Mr. Curtis:— How weak will the field be compared with the 
full strength ? 

Mr. Leonard :—About one twentieth. 

Mr. Curtis :—Do you find under those circumstances that it 
won’t spark any ? 

Mr. Leonard Hot a particle. I must smile a little at tliat, 
because it is the same question that everyone since I first had 
anything to do with tlie method has raised,and I do not know of 
a single person who has not expected that that generator would 
spark. 

Mr. Curtis :—I never saw a generator yet where the field is 
weakened that would not spark where you do not sliift the 
brushes, and I do not see any difi*erence whetlier that is feeding 
current to a railway motor or something else. 

Mr. Leonard: —It is not that. But if you will think a mo¬ 
ment you will realize that it has been very rarely that a generator 
has been used in the past, where its field would liktdy ha weakened 
to a very great extent, and where its field was separately excited. 
Separate excitation of tlie field may not be an essential foctor 
for non-sparking, but it is influential in regard to having the 
armature entirely free from any disturbing field kicks, etc. 

Mr. Curtis Commutator sparking is due to tlie presence of 
magnetism. In those machines there I should think that in 
all probability the field was so very strong, compared with tlie 
turns on the armature, that you would hot get any field dis¬ 
tortion unless your field was practically nothing. 

Mr. Leonard :—It was on these identical machines tliat I 
spoke of a measurement of 35 degrees distortion. The motor 
armatuie has a full field, and its lines of forces arc necessarily 
kept tolerably straight. But the generator has, at times, no field 
practically, and the lines are distorted tremendously. 

Mr. Curtis How can you move the coils of the armature ? 

How can you move it in the presence of linos of force without 
getting sparking ? 

+1 • Wellj we are moving it tlirough such a field 

tiiat the lines are so very few that the electromotive force devel¬ 
oped by the coil which is passing under the brush is so slight 
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that the passing of those bars, perhaps, only produces a breaking 
of an electromotive force which is no greater than it would be 
at the neutral point with ten times the total electromotive force 
then in use. 

Mr. Curtis: —Well, 1 cannot agree with 3 ’ou, Mr. Leonard. 

Mr. Leonard :—It may be that I have not the right theory 
about it. 

Mr. Curtis :—It may be immaterial. That is to say, in order 
to make this an efficient mode of operation it would not be neces¬ 
sary to reduce the electromotive force more than 80 per cent., 
perhaps. Then you would be working with considerable effic¬ 
iency and the field might stand that very well with 20 per cent, 
of its normal strength. Although I never saw a generator yet 
that had many turns on its armature, with any such capacity as 
that, without burning up the brushes. 

Mr. Leonard: —Well, you can in this case. I know that in 
practice this has been used in connection with almost every 
dynamo that is on the market. 

Mr. Curtis :—What sort of machines have you used it on ? 

Mr. Leonard :—On the Crocker-Wheeler, the Eddy, the C. 
& C,” the Edison, the Thomson-Houston, the Waddell-Entz, tlie 
Eickerneyer, the Bilberg, and several others. But in each of 
these it has performed exactly as it has in every other case. 

Mr. Curtis :—Did you ever try those machines as motors and 
see if they spark as motors with weak fields ? 

Mr. Leonard :—They will unquestionably spark as motors. 

Mr. Curtis:—D id you ever try them? 

Mr. Leonard :—Yes. I tried these very machines witli weak 
fields. 

Mr, Curtis: —But those macliines have an exceedingly power¬ 
ful field, and weak armature. 

Mr. Leonard :—They liave more turns on the armature than 
usual. 

Mr. Curtis:— Compared with turns on the fields? 

Mr. Leonard :—Turns on the armature. That is, the magne¬ 
tizing effect of the armature current is rather more in these than 
in many other machines on the market. 

Mr. Curtis: —This is all I wanted to bring out—that when 
you get to machines of any size, I think you will find that the 
magnetizing effects of the armature turns are so much in excess 
of what they are on the smaller machines that you will get 
sparking. 

M. Leonard: —What size do you mean ? 

Mr. Curtis: —Take a multipolar machine of fifty, or take a 
railway motor. 

Mr. Leonard: —Take the Waddell-Entz machine? 

Mr. Curtis: —Have you tried it on a multipolar? 

Mr. Leonard:— Yes. 

Mr. Curtis: —How much have you weakened the field ? 
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Mr. Leonard: —The same as here. From zero up to the full 
amount. 

Mr. Curtis: —How much current did you put through the ar¬ 
mature ? 

Mr. Leonard: —Enough to lift 50 tons on a traveling crane. 
It is a 40 H. p. motor. 

Mr. Curtis: —How much above its normal current on the ar¬ 
mature 


Mr. Leonard: —About double. 

Mr Curtis:—A nd it did not spark? 

Mr. Leonard.— lS[ot a particle. 

Mr. C. 0. Mailloux: —I might mention a bit of experience 
which is a prqpos of this very subject and may tend to throw 
some light on it. I have found that a generator will be able to 
carry a much heavier current when worked at lower potential 
than it normally would if it were working at its normal electro¬ 
motive force. The particular machine was a railroad generator 
having lower potential than usual, about 300 volts, and capable 
of carrying some 800 amperes. The armature insulation was 
found very low when tested, apparently because the armature 
was not sufficiently baked when finished and the shellac was not 
<juite dry. ^ There being no better way of drying or baking it, 
we determined to heat it electrically, by making it generate a 
very strong current. The method, by the way, proved quite suc¬ 
cessful, and the armature in due time became quite dry and the 
insulation increased until it became perfect. In order to avoid 
undue potentials that might cause a leakage through this low in¬ 
sulation, the machine was run at as low a potential as we could 
possibly run it, in order to get the necessary current. In other 
words, what we endeavored to do was to run the very heavy cur¬ 
rent through the armature at the lowest possible potential at 
which we could generate it, so as to have plenty of heating effect 
ana very little potential that would cause any leakage through 
e armature or to the core. For this purpose we proceeded in 
two ways, first by reducing the speed of the engine which ran the 
dynamo to the lowest practicable speed. But as it was a Corliss 
engine, or an engine of the slow speed type, which does not ad- 

™ speed very greatly without danger of 
stalling at tlie dead centre, we had to make the rest of the 

of the dynamo. It was a com¬ 
pound machine, and we reduced the current through the field 

third the number of ampere turns 

the aCon^^nf®' t?®* “ensure it exactlf^, because 

Sf oarrent was rather small and the ampere meters 

It “fSive us very great precision. 

*om was reduced to something like 50 volts 

Under tliese conditions we found that we carried not 
fulf current that the machine would normally carry at its 

lull potential, but we could carry a good deal more, 15 or 20 
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per cent, more, without any sparking at all, possibly less than 
with full load at normal e. m. f. I think that the explanation 
given by Mr. Leonard is fairly consistent with the facts. The 
amount of energy that is concerned in the reversal is small, be¬ 
cause the voltage is very small, so that the energy involved is a 
very small quantity. Under those conditions the neutral point 
seems to be much wider. It is quite evident that with the full 
potential there would be a much greater difference of potential 
per segment of the commutator. At full e. m. f. the difference 
of potential between the first two segments on either side of neu¬ 
tral line, multiplied by the current carried, would have been a 
greater amount, and naturally would have caused a greater dis¬ 
turbance at the commutator. I simply mention this fact to ver¬ 
ify the observation of Mr. Leonard tliat it is possible to run a 
machine with a much higher current than the same machine can 
be run at a higher potential. 

Me. Nelson W. JPerry :—I would like to refer to the seventh 
condition mentioned by Mr, Leonard: The retardation of the 
load in coming down grades, and in stopping, shall be effected 
by converting the motors into generators, which shall feed back 
“ current to the line, and thereby assist the power station in ope- 
rating other locomotives.” Mr. Sprague tried some experi¬ 
ments, I think, on the Third Avenue Eailroad some years ago, 
to determine what portion of the energy consumed was usefully 
employed, or employed in operating, and how it was employed. 
My recollection is, that he found that about 83 per cent, of all 
the energy consumed was utilized in overcoming gravity and the 
inertia of trains, leaving about 17 per cent, for traction. It is 
evident, if we can accomplish this and throw the energy absorbed 
onto the line, it will accomplish a very great economy, because 
on a hilly road there is as much down hill as there is up hill, 
and a car stops as often as it starts; so that theoretically we have 
got a road reduced to a level and the trains of constant speedy 
not varying. Now the question is, whether Mr. Leonard has ac¬ 
complished this in his plan. Observe, that on each car, what 
may be called the prime mover is a synchronous motor. A 
synchronous motor does very little useful work unless it is in 
•step with the generator. Suppose we are operating that syn¬ 
chronous motor as an alternating current generator. Its speed will 
vary with the speed of the car. If we are checking our car it 
goes from maximum down to zero. Now, the second car that is 
on the road, in order to do any useful work at all, would have to 
keep step with the generator. But we see that it is changing in 
the number of its mternations per second constantly, so that it 
seems to me that it would give no benefit at all, probably, to the 
second car, because that synchronous motor would have to keep 
in step with the other, because it is constantly going down to 
zero. Then the question comes up, can he throw any energy on¬ 
to the line in that way ? He has got to have an electromotive 
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force which is equal to that of the line. Otherwise he cau 
throw no current onto the line at all. Everybody knows that 
in coupling up generators in multiple arc, in our generatino- 
stations, we have got to take great precautions connecting acroiS 
from fhe armature of one to the field of tlie other, so tliat one 
will not drive the other as a motor by a slight increase of electro¬ 
motive force. There is only one condition in which he can 
thi-ow- energy^onto the line by reversing Iiis synchronous motor 
and that will be when the armatui-e is revolving at such a speed 
by producing 500 volts, if that is the voltage of liis trolley wire. 

Mr. Sprague^ has also said tliat by rev’ersing the motor and 
converting it into a dynamo he could throw energy onto the 
line, but T do not see how he can, unless that motor generates an 
electromotive rorce of 500 volts. In series arrangeilients if you 
reverse your motor and make a generator of it; it will contri¬ 
bute energy to your line up to the last turn of the armature. 

±>ut on multiple arc I do not see how it is possible to throw it on 
except m a very special ease. 

^ Me. Leonard I think that Mr. Perry has not understood the 
function of the synchronous motor. He speaks of it as varyino- 
in speed from zero to full speed. A synchronous motor is nLes- 
saiily running at a synclironous speed constantly in one direction 
and there will be a theoretical change in speed between its per- 

motor, but it will be very sligdit 
fi^’ loconiotive is being brought to rest it,'will be 

having two alternating current generators 
multiple with each other, each producing current as 
perform just as when a motor, and eon- 

falling off in speed, even then. The armature moves a little in 
Its relative position in the field. But the number of tav^s 
second is the same as before and its speed will be identically tliat 

^ SnTthe voita the line 

_ s against the voltage of the line, I agree with Mr. Perry that it 
« impoMble for anj .ingle motor on mnitiple am"Stem to 
put energy back against, we will say, 500 volts, down to a con- 

fa iTelowToo vSte force will necessarily 

SceSa^v teTal L Therefore it is 

necessary to have something in the shape of a transformer sn 

fmm‘%onoltetfz'Im®it'^“ir^^^^ 500 volts falls down 

deWce have 2bat V means of some intermediate 

and. little iigherin oS rtond^e^rljSTt^^ f?" I""’ 
which is what wro Po,r« {■0 current back into the line, 

*n., jto”;'^d'i s" “r. ;3„«rio”Soii' z “ 

it ret?ve“"f?om SriiSr"^" olectromotlve force that 

n receives from the line, and more. It would produce much 
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more except for the retardation of its armature by the work that 
it is doin^ in feeding current back. We take 500 volts from the 
line to the first motor and through the transforming arrangement 
we produce 20 on the final motor. We can reverse that. We 
can produce 20 by tlie last one as a generator and have 500 feed¬ 
ing into the line from the first one operating as a generator. 

Mr. Perrv :—Mr. Leonard misundeistands what I said in re¬ 
gard to the synchronous motor. What I meant was that you are 
driving througli a connecting link—through the momentum of 
the car acting on the car wdieel. Now, as the car slackens up the 
armature of your synclironous motor, now converted into a 
generator, will slacken up. 

Mr. Leonard: —No. You have not understood the arrange¬ 
ment, Mr. Perry. The final motor in the diagram, l, connected 
with the wlieel is the only one whose armature has any relation 
to the speed of the car. It is connected with the wheel of the 
car and it will slow down and speed up as the locomotive does. 
The other two will run continuously at a constant rate of speed, 
regardless of wliether tlie locomotive is at rest or in motion. 

Mr. Perry:— The middle machine is excited tlien l)y the cur¬ 
rent generated by the street car motor, is it not? 

Mr. Leonard: —^No. It is excited as showm in the diagram 
there. Thei*e are various means of accomplishing that. 

Mr. Perky: —As the armature of the car motor slackens down, 
the electromotive force of your generator, of your motor, will 
slacken down and its speed will be reduced, and it is connected 
with the armature of your synchronous motor, is it not? 

Mr. Leonard: —Since they are both motors and generators at 
different times, wdiich machine do you refer to ? 

Mr. Perry:—-As the armature l slackens down, the armature 
of K will slacken down. 


Mr. Leonard: —No, the armature of k continues at a con¬ 
stant rate of speed under all conditions. 

Mr. PETiRY : — Not if it is run by n. 

Mr. Leonard :—It is only run by n when n furnishes electro¬ 
motive force sufficient to operate k at its full speed and tends to 
drive it faster. 

Mr. Perry : —But under all conditions constant? 

Mr. Leonard: —Tliat is the only condition under which it 
will come to rest. 


Mr. Perry :—Now as to the synchronism, the motor which is 
supposed to be helped along will liave to keep step with that. 
You admit it will not feed back unless it generates an electro¬ 
motive force of 500 volts ? 


Mr. Leonard: —Yes, but I did not assume that the speed of 
that machine k is going to change at all, practically spealcing. 

Mr. Perry ;—It will not be when you are runmng that as a 
generator, because the electromotive force of l will vary with its 
speed. 
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Mb. Leonaed :—There is no mechanical connection between r. 
and K. When I have a low electromotive force produced by i, 
as a, generator, and supply to the armature of k as a motor, the 
neld of K is very weak—so weak that the low electromotive 
force of that armature does run it at its full speed still. 

Me. Pkeey ; — I see. 

Mb. Cuetis In order to have the electromotive foi’ce of the 
motor L in order to have l a generator, when that car begins to 
slowdown, it is necessary that the field capacity of x. should be 
capable of being enormously increased, isn’t it ^' 

Me. Leonaed No, sir. The reverse is equally true, that you 

can make it a generator by weakening the held of ic, which is 
what IS done. 


. Suppose it is a generatoi*, suppose vou are go- 

and you want to have n generate cnrretit and feed 
you are running at full speed it will do 
that all right of course. But as you merely reduce your sneed 
and net down to sy about 25 per cent, of your original speed 
tlie*^speed^ oiake that feed into the line, it is neces.sary to incrciise 

Me. Leonaed: No, sir. When you come to slow down you 
do It by weakening the field of k. 

Me. Cuetis:—You do not have to feed against 500 volts. You 
feed against a correspondingly reduced voltage. 

to^*'Rnt How of current from i, 

i. oontin^? sXolte 

M W'is disciission llio oiiera. 

^ ^ apparatus can be better understood. When that 
motor w^ running at full speed, and the field rheostat horiEom 

S * rapidly but graduaHy 

SSnf 4o vfu was nvl 

pSaDstJo force of i, Ws 

momentuin ot l kept its counter electromotive force ud teinno- 
rarily and the counter electromotive force rapidly bia L Ser 

crnmn^fh^^ electromotive force of cCequently fh^ 
Ser bv the S ^ retarded in its eSorts to go 

to feed cuJrei 4Sn8t the Hnl!“^ '' ^ generator 

mi^vefome^toTwifb^^n^^®.^- deeding a surplus of electro- 
naotive force and diminilhi^^^ampeS^^d^ 

g-^^^S'^^^-Whatnetrelultof efiiciency have you secured 
aa compared with a rheostat control ? Take I case, /or instant 
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where you are operating a traveling crane under ordinary cir¬ 
cumstances, constantly starting up and reversing, and so on. 

Mr. Leonard: —Well, the efficiency of a series motor that is 
used on a traveling crane by the rlieostat methods is practically 
proportionate to its speed. Tlie field is saturated by the mini¬ 
mum amount of current that any load requires, Tliere is but a 
slight change of field strength from the current required to 
handle the lightest load and the current required to handle 
the largest load. ^ Consequently the field is continually satu¬ 
rated, and if it is saturated, the counter electromotive force, 
which is directly proportioned to speed, is the measure of effi¬ 
ciency. Consequently, theoretically my efficiency would be iden¬ 
tical with theirs under the condition of full speed and would be 
ten times as great at one-tenth speed, twice as great as theirs at 
half speed, etc., and the tests made by William Sellers & Co., of 
Philadelphia, wlio are using the method, show that that is borne 
out exactly in practice. Every loss that was anticipated was 
exactly where it ought to be, and there was no loss and no result 
which was contrary to what was expected. 

Mr. Curtis :—What I meant to ask is what is the net result on 
a thing like a traveling crane of using these three pieces of 
nieclianisin. 


Mr. Leonard :—Well, the amount of energy saved, which 
would otherwise l)e wasted in the rheostat, may not be a very 
important factor. Of course it is all saved, whatever it is. 
There is no waste in this. 

Mr. OuRTrs :—Have you made any test to sliow that ? 

Mr. Leonard :—Yes, but I cannot tell you wliat the efficiency 
is except by involving the speed. The efficiency in this system 
—barring the fixed losses of 0^ It in the armature and the 
excitation of the field and the friction, its efficiency is constant 
regardless of speed. 

Mii. Curtis :—You have no figures then of the net advantage 
of that mode of controlling? 

Ml?. Lkonard: —No, I liave not any at my tongue’s end. The 
test made by William Sellers & Co. was this: They placed on the 
floor of their shop a jack-shaft running at about 360 revolutions 
a minute, upon which they placed a brake and also a large fly 
wheel of a punching rnachine which had about four feet diameter 
and about five inches square of metal in the rim. The jack-shaft 
was driven by a ten horse power 220-volt Sprague motor, wliOi?e 
current normally would be about 40 amperes maximum. This 
fly wheel was then driven at full speed in either direction and 
reversed at will. The biggest duty that it had, probably, was in 
accelerating and retarding that fly wheel. When it was at full 
speed in one direction, and while the brake was off, and therefore 
the effect of the momentum would be a maximum, the field con¬ 
troller of the generator was instantly reversed. Then the en¬ 
deavor of the motor was to reverse, but the fly wheel insisted on 
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its going forward temporarily as a generator. Finally tlie gener¬ 
ating action was sufficient to cause the motor to be brought to 
rest, and then it started up instantly to accelerate the fly wheel to 
full speed in the other direction, and there was an entire absence 
of sparking. At that time of reversal of the motor armature, 
and at the time when the feed was flrst reversed, the armature 
current was 102 amperes while the rated full load current for the 
motor was 40 amperes. 

The feature of the method, which in the case of traveling 
cranes makes it a point of advantage, is not the amount of co^ 
that is saved or the effect of fluctuating load on the engine so 
much as it is nicety of control by this mechanism. INo brake is 
used in handling a load. The retardation is effected electrically. 
That same thing is applied to electrical elevators. When 1 flrst 
introduced it both William Sellers & Oo. and Otis & Co., who 
are using it, said that they were not at all inclined to use this 
method for braking, because while theoretically it might be all 
right they had not had confidence enough in it to retard fifty 
tons with it while running above the workmen in a shop, and in 
the other ease to stop an elevator full of people and moving 250 
feet a minute. But in normal practice they are using it without 
any mechanical brake at all, because the braking action in this 
device is far superior to what can be gotten by a mechanical 
brake. A mechanical brake should be applied with the maxi¬ 
mum torque at the beginning. We are all familiar with the way 
a street car operator will put his brake on—very hard at the be¬ 
ginning and release it a bit as the car slows down. The braking- 
torque should be a minimum a^ it comes towards rest. With the 
ordinary brake shoe it is a minimum at high speed. In tliis in¬ 
stance, the amount of current for the reversal of this fly wheel 
the retarding torque is 102 amperes in a constant field in the 
fiist instance, and as it came to rest it was gradually reduced to 
almost mottmg. So that that the effeot of it wM. aS°?IoS 
IS extremely smooth, and far more smooth than can be accom- 
retardation by a friction brake. 

, • OtrsTis: How much fluctuation do you find that tliat 
makes in the primary current ? ^ ^ * 

Me. Leonid: Very little. The primary current in any case 

mI® “Rnrr’ load at full speed^ 

in *e marimum f “ “ “crease 

ondSir^rSTth^i^K T ® '^ery large current in the sec- 
0 aarj at mat time but a correspondingly low voltaa-e T ro 

yemed it repeatedly there, and the minfmum speed represente 

'““d on the senerator 

genera; 
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Mr. Lkonard It puts a verj large current on that, but that 
large current is produced by very few volts. 

Mr. Curtis: -I understand. But doesn’t it rise above the nor¬ 
mal 'i 

Mr. Leonard :—Do you mean the full load ? 

Mr. Curtis :—When you reversed this fly wheel, for instance, 
what were you feeding with—an alternating current? 

Mr. Leonard :—No, a continuous current. 

Mr. CupisAnd it did not affect tlie generator there at 
■all ? It did not affect the motor that you ted from your primary 
source of current ? ' ^ 


Mr. LKONAiiD: —Ido not quite follow you there. But per¬ 
haps I can answer your question in this way. Supposino; we were 
ranning at full speed under a brake load, for instance. We might 
have 4:0 anipeies talveii from the line If we reverse the motor 
that supply current would come down gradually to zero and then 
go up again to 40. When we are reversing and have no volts 
there are no amperes on that circuit. 

Mr. (xeorue lIiiiL: I he paper starts ivith the statement: 
‘‘ Let us suppose tliat we arc called upon to act as engineers for 
‘“‘a steain railway desiring to opei*ate its line by electric locomo- 
“ tives. I his, it seems to me, remov^es the paper altogether 
from tile I’calm of theory, and brings the method of operation 
down to the <|uestion of dollars and cents. AVe already have in 
our capital account the cost of machines that will carry a ])as- 
senger from a to n with a certain expenditiii’e of coal, "hie 
change then must be accomplished in such a way tliat the inter¬ 
est on the capital account shall be Jess than the cost of the fuel 
consumed by the steam locomotive, plus a certain amount for in¬ 
terest, repairs, depreciation and things of that soi-t. Tin’s is a 
question that tJie paper does not in any way touch on. It seems 
as though it were a matter of course tliat the capital account for 
such a complicated installation as is here given must give an in- 
terest account very largely in excess of any po.ssible saving of 
fnel._ So far as I ean learn, the question of' restoring energy to 
the line.is one which works out very beautifully, theoretically: 
but as a practical re.sult it is represented by zero, and in the pre¬ 
sent case is of no importance since the power costs nothing. Tlie 
efficiency called for under heading 9, 50 per cent, seems^ to me 
to be very much in excess of anything that is practically pos.sibIe. 
If we take the successive steps given on the diagram, Fig. 1 
page 77, and assign an efficiency of 95 per cent, to generator a, 
and 95 per cent, to the transformer n, 80 per cent, to the line, 
which is Mr. Leonard’s own Hgure, and tlien 95 per cent, to 
transformer d, 90 per cent, to the line f, 90 per cent, to the 
synchronous motor ii, 90 per cent, to k, 80 per cent, to l, and 
then 80 per cent, for transmission, we get a resultant efficiency 
of 32.2 per cent., which is somewhat below the 60 per cent, 
limiting condition given by Mr. Leonard. If instead of that we 
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take what is commercially probable, and run our efficiencies back 
90, 80, and so on, we get 10 per cent., which is probably correct 
for the best possible commercial conditions. So that if we were 
acting as engineers for a line, the first thing we could do would 
be to figure up our capital account and see whether the entire 
cost of fuel when capitalized would afford a sufficient amount to 
install any apparatus, and then we would be in a position to take 
up the question of efficiency, when we would find that we would 
have to have an efficiency higher than any apparatus operating at 
the present day, to get as high as 40 per cent.; wliile if we took 
usual conditions as a guide we would px'obably run down some¬ 
where around 10 which is only a little bit better than the abso¬ 
lute efficiency of the steam locomotive. Looking at the ques¬ 
tion from the very broad point of view of whether or not, in 
order to improve the character of the service, increase the speed, 
or for any other desirable change, we should advise a change, we 
would at once be confronted with a host of other difficulties. No 
one can be more desirous of seeing electric appliances brought 
into general use than myself, nor would I desire to take the posi¬ 
tion of captious criticism of anything proposed, but I do think 
that we should bear in mind the intensely practical nature of the 
age in making suggestions, and develop them along the lines in 
v^ich we can reasonably expect success. Mr. Leonard’s method 
of motor control under the conditions of operating printing ma¬ 
chinery of various kinds, electric elevators under special condi¬ 
tions, cranes and other similar uses, is, no doubt, much the best 
that we know of at the present time. Whether it is the best for 
railway operation remains to be seen. The plan proposed, cer¬ 
tainly contains many unknown quantities, and they should be 
solved before an attempt is made to apply the system. For ex¬ 
ample, what would happen to the synchronous motor if the trol¬ 
ley should accidently leave the line ? How would we insulate the 
20,000 volts? Why not put the synchronous motor and continu¬ 
ous current generator in power houses, say 15 or 20 miles apart,, 
and send 50u-volt continuous current through the line instead of 
the alternating current, thus putting our complicated machinery 
where it could be attended to, having on the car nothing but a 
motor. If our powder costs nothing, the further question would 
come up of the desirability of using Mr. Leonard’s device since 
it is strongest from the fact that it is economical in its consump¬ 
tion of power, and power, in the assumed case, is valueless. 

Mb. Ohakles Hewitt :—There is one point—I do not know 
whether Mr. Leonard has brought it out in this paper or not, but 
he has, in describing this method, intimated that by using it and 
avoiding certain fluctuations which are characteristic of street 
cars, that he can use smaller units. Now the size of the unit is 
limited rather by the grades on a road than it is by the starting 
effort, and the same would apply to a train that is true of a street 
car. Any machine that will overcome grades at satisfactory 
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speeds on ordinary roads ouglit to be sufficient and will be suffi¬ 
cient to start the car. Therefore, as far as the units on the train 
itself are concerned, we cannot save anything in their capacity. 
With the old type of apparatus on sti*eet cars something might 
be saved perhaps in generators, but 1 do not see that it can in 
motors. On a steam railroad of 100 miles in length I do not be¬ 
lieve we can save any tiling in generators. The two problems of 
the steam railroads and the street car roads are entirely dij9ferent. 
Tlie conditions are entirely different. In the first place I tliink 
we are all satis lied that we cannot compete with the steam loco¬ 
motive, except for very high speed service. Until we are ready 
to put a service of 1'25 miles, say, or something above what we 
can do regularly with steam, I do not think any of us will at¬ 
tempt to compete, so far as original cost of installation or cost of 
operation is concerned. But tlie hope for electric traction on 
long distance roads is in liigh speeds which cannot be obtained 
with a reciprocating engine, and on such roads as that stops are 
very infrequent. 1 believe Mr. Crosby has sliown in one of his 
articles that we cannot afford to stop a train running at that 
speed in distances less than say 100 miles. Well, the starts and 
stops on such a road as that would be a matter of insignificance; 
so that in considering such an apparatus as this, we must com¬ 
pare it only witli other electric systems which we can use, such 
as tlie direct application, as we use it in the street car, or some¬ 
thing developed from that—some simple arrangement. We 
would liave to leave out of account the question of economy and 
compare this witli the application of simple apparatus, and in 
that case it becomes a question as to wliether the advantage 
gained in starting and stopping once in 100 miles would compen¬ 
sate for the extra cost of sucli an arrangement as this.^ 

Mr. Lkonari) :—The gentleman who first spoke, figured out 
the efficiency. He called attention first to the opening para¬ 
graph, but he forgot to read the next line following: There 
exists a very economical source of power, possibly a water 
power.'’ There is no intention, although I do not grant that it 
is not possible^—there is no intention in this paper to try to prove 
that the production of power by steam and its utilization in this 
way is going to be more economical than that of a steam locomo¬ 
tive. That is not the point. The point is that there may be 
instances where a very economical power, such as a water power,, 
is running to waste and the cost of using it practically^ nothing 
after being once developed, and we are therefore putting that,, 
and not coal, in competition with the present cost of steam, and 
furthermore the requirement of high speed service is probably 
as Mr. Hewitt has pointed out, going to be the means of bring¬ 
ing electric locomotives forward if anything does. No one is- 
going to change his equipment of steam locomotives for electric 
locomotives merely in a hope of economy in their operation 
under usual conditions. It must be to accomplish something; 
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that cannot be done by a steam locomotive, or to use some kind 
of power which is so much more economical than coal that the 
net result is better. 

As regards the question of efficiency, I went through the same 
steps in arriving at the figure 50 per cent, specified, as Mr. Hill 
did. But my figures were based upon commercial apparatus 
such as makers of apparatus of first-class type would be willing 
to guarantee, and I did not assume for large transformers of say 500 
horse*power an efficiency of 95 per cent., nor an efficiency for large 
generators of 90 per cent. The fact is, that you can secure trans¬ 
formers of a size such as this, which will have a full load efficiency 
of 97 or 98 per cent., and generators which will have an efficiency 
of 95 per cent., and there is no reason for supposing that the 
motor L will have an efficiency of 80 per cent. The efficiencies 
as quoted by him were unnecessarily low. Taking the figures 
such as would be guaranteed by makers, and remembering that 
the motor generator has much less loss by virtue of friction than 
two machines ordinarily belted, etc., the* result which I obtained 
was an efficiency of 52 per cent, for the combined apparatus, 
even with 20 per cent, in the transmission line, but • admitting, 
for the sake of argument, that it is 40 per cent., which may be 
so, still we were trpng to operate a long railway 100 miles long. 
Now the question is, how are we to do it? And this paper is a 
suggestion in that line. Mr. Hewitt says we should use the 
simple method of to day. By the “simple method of to-day,” I 
suppose he means 500 volts. 

Mr. Hewitt:— Not necessarily 500 volts. 

Mr. Leonard: —Well 1 do not know how by any “simple 
method of to-day ” we are going to operate a railway 100 miles 
long. 

Mr. Hewitt :—I simply meant a motor built on the axle. In 
fact I have no definite plan in view, but I mean the development 
of some such plan as a simple device. 

Mr. Hill : — I should just like to call attention to the fact that 
in my statement for comparison I did assume that the fuel would 
cost nothing. I said that an engineer must necessarily compare 
the interest of the increased capitalization of the plant with the 
saving in fuel, which I think effectually meets Mr. Leonardos 
point. Concerning the efficiency which he gets, that is purely 
a secondary matter. I find it, in practice, exceedingly difllcult 
io get makers to guarantee machines for efficiencies ten per cent, 
less than I assigned here. 

Mr. Kennelly :—I would like to ask why, in the opinion of 
the last speaker, the practice of engineering for railroads should 
depart so widely from what has been the recognized practice in 
ocean locomotion. Consider, for example, the journey from Liv¬ 
erpool to New York—^a saving of twelve hours in transit would 
•certainly not justify, on any basis of economy, the enormous in¬ 
crease in the volume of coal burned on the more rapid journey. 
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There could be no economical argument for any steamship con¬ 
struction to reduce by a few hours the transatlantic passage, when 
it is recognized that the amount of coal burned per hour, and the 
engine capacity required, increase approximately as the cube of 
the ship’s velocity. Nevertheless we find that experience, which 
is the safest guide in these matters, is continually urging on stemn- 
ship builders, higher rates of speed and further coal consumption. 
Surely, if the electric locomotive w’^ili enable us to attain a higher 
gp 00 (j' than existing methods produce, the considerations^ which 
have justified the builders of ocean steamships in seeking for 
hio'her speeds at the expense of increased coal consumption 
should be equally influential in favor of the adoption of the 

electric locomotive for land transportation. 

Mr. Mailloux: —There is one point that seems to have es¬ 
caped attention in this discussion. Assuming that we are able to 
convert the power back from the car axle to the line and that we 
finally get it to the line, what will it do there ? Those who have 
investigated tlie problem of regulating water-wheels for railway 
purposes would certainly not have much use for it. Nor do I 
think it would be of much more service where steam engines 
were used. If I am not mistaken, it has been found by actual 
experiment that the effect of restoring energy to the generating 
source in I'ailway work is to interfere greatly with the regulation 
of the generator, if not to make it entirely erratic, because, as 
w^e know, the curve of supply of current on railway service is 
itself extremely erratic. There are periods when the consump¬ 
tion is very great, followed rapidly by periods when it is ex¬ 
tremely small, or even zero What may be the effect of current 
being restored to line when there is no consumption on the cir¬ 
cuit? We can readily see, since the energy must go somewhere, 
it will go back to the station, and will tend to make the engine 
^^race,” just as a corresponding increase of load would tend to 
slacken its speed. In a water-wheel we can do nothing but shut 
oft* the supply of water. Our devices at present are quite in¬ 
adequate to prevent the water-wheel from racing, even when we 
take the load off quickly, to say nothing of what it must do when 
we put a negative load on; in other words, when we apply a 
force which tends to make it revolve without the application of 
any water power. We readily see that in the present state of the 
art, the question of restoring energy to a railway circuit, where 
the rate of consumption is at all unequal, is purely visionary and 
impracticable, because there is no means of utilizing that energy 
in such a manner as to render it serviceable without inti’oducing 
ve)*y serious causes of disturbance. It will only be when we 
have means of balancing the circuit by some means of storing 
energy in the circuit, or some portion thereof, that we shall be 
able to properly and satisfactorily utilize the energy restored. 

With regard to eflSciency, it may not be out of place to men¬ 
tion the fact that what we have to deal with in railway practice 
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is not the efficiency of full load by any means; tliat it is on tlie 
contrary the efficiency of a load which, when averaged for the 
wdiole day is a very small portion of the full load. 

Mn. Hkwitt :—iPardon the interruption. That applies on 
street cars and not on a long distance road. It would not apply 
even on a suburban road. 

Me. Mailuoux :—Mr. Hewitt is correct on that point; but tlie 
remark still applies to the line transformer which would not 
work at constant load, unless the number of trains be always 
equal to the number of such transformers, and unless the trains 
are always under the proper headway to keep each section of the 
line and each transformer constantly loaded. 

Mr. Wm. Elmee, Je.:—I would like to ask a question. The 
author of the paper says, when the field is reduced to zero, the 
armature of the motor, being driven by the momentum of the 
car will send the current through the armature of what was be¬ 
fore the direct current generator, and that will drive the alter¬ 
nator. I do not see how it can act as a generator when there is 
no current in the field. 

Another point I thought of was, that supposing an engineer 
should be in danger of collision: he would suddenly throw his 
switch from one side to another, the generator would be thrown 
out of synchronism and the whole thing would be left dead; and 
how can the generator be started when the engine is to be taken 
out of the round house in the morning ? 

Me. Leonaed: —In regard to the question of the performance 
of the intermediate machine as a motor, if you are running under 
condition of full speed and you gradually weaken the field of 
the generator to zero, that field does not instantaneously reach a 
condition of zero, but goes down gradually, and the more it 
tends to go down the more current tends to go into it as a motor 
and tends to drive it fast, and the greater the braking action 
becomes upon the armature on the locomotive axle, because it is 
producing a very large amount of current in that constant field; 
and, of course, that acts as a brake to stop it. I do not quite 
understand what the last speaker meant about throwing the 
alternator out of step. If the machine were running at full 
speed—the train—and the field of the generator were reversed 
so that the propelling motor of the train had a tendency to in¬ 
stantly reverse, the only result would be that the alternator, 
instead of running as a motor, would be driven as a generator 
to feed current to the line, but there would be no rapid change 
of load, nor would there be any excessive load on the alternator 
so as to tend to throw it out of step. The intermediate machine 
would tend to speed up, but it would not speed up because it 
would be continually feeding current into the line which would 
be acting as a brake for itself. 

There are so many ways of bringing up a synchronous motor 
to speed without load that I did not indicate any particular 
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iiiethod. One simple method would be, eliminating altogetlier 
tlie performance of the machine as an alternating cnrrent motor 
at slow speeds, to have a motor of perhaps two or three 
power connected to the alternating current machine, and a tew 
cells of storage battery, which would run that little motor, rins is 
eliminating all alternating currents and showing one means winch 
it is self evident would work. A few cells of storage battery 
would run a small motor, Mdiich would run the alternating motor 
up to synchronous speed. After it is in step it wnll riin that 
same small motor as a generator to keep the storage battery 
charged and to excite the field of the synclironous motor. An- 
otlier method would be to use sucli a device as is used on tlie 
alternating current motor of the type of the Dahl Company. A 
third wav'would be to have the field wound for perhaps 50 volts 
and the armature wound for 500, and first connect it in senes 
with the armature, in which case it would start up readily, and a 
svdtch could be arranged for connecting^ tlie commutator of a 
continuous current winding in the same field, to supply it when 
at full speed. There are lialf-a-dozen well known ways which 

are possible for starting an alternating current UKitor wliiclyis 
only to start under friction load, and which, when running at full 

Sliced, excites its own field. , 

Mr. C. J. Field:—I came here to-niglit seeking mlormation. 

1 think we liave come to a time in electric railroad work where 
we have got to take these problems up, not only^ on long 
distance transmission but in city work. We ai*e having enoi*- 
mous investments of capital in cables and other means, and we 
have got to take up some method of higher tension, or some 
method similar to Mr. Leonard’s of alternating current to do our 
work. What we ought to do is to try to get more information 
on the sub ject and advance more. If Mr. Spi'ague, seven yeais 
ago, had objected to everything, as the inajority have done 
to-night, I Vlo not think we would be in the position with 
ele(*tric roads that we are in to-day. There are a number ot 
points in Mr. Leonard’s paper tliat are good, but there are quite 
a number of objections to be cleared away. One is the question 
of insulating a single trolley circuit of 500 volts with the alter¬ 
nating current. Those of us who have had experience tiying 
to insulate a direct current with 500 volts would want to go to 
some extraordinary means to take care of a grounded circuit with 
50(t alternating volts. The proposed apparatus would go very 
well on a large electric locomotive ; where would it he put on a 
double truck 36-foot car? That would virtually be having a 
small central station in the car. I do not want to be taken as 
trying to criticize, but I want information. How iniich room is 
tlie apparatus going to take up to oj>ei‘ate an ordinary 34 or 36- 
foot car, and where are you going to put it? Furthermore, have 
we got sufficient advantages over every other^ means which are 
now being proposed, and with winch some of the large compa- 
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iiies are experimenting and claim they are about ready to put, 
in—that multiphase motor ? Of course, the objections to that 
the carrying too high tension and reducing down with some form 
of rotary or other transformer is a question of several trolleys— 
other means, the rotary transformer and the direct current, which 
Mr. Leonard has objected to, but which, on a road of 100 miles, 
if we put five or six of them along the line, distributing six or 
seven miles each way, seems to have many advantages if we are 
operating from a water power plant. 

Those are all questions that I would like to hear discussed 
more, for the reason, among others, that it happens at the present 
time that I am worrying over a problem of this kind—a road 
100 miles long which we have got to operate with electricity; to 
get up about 7,000 feet elevation at a good deal less east tlian a 
steam road can be built for, because you can take higher and 
steeper grades tlian a steam road could take, and tliereby largely 
reduce the cost. We can operate our cars with less expense thaii 
having a three or four dollar a day fireman, or engineer and fire¬ 
man combined. 

These are a few of tlie points I would like to present for your 
consideration. 

The President : — There is a gentleman here we would like to 
hear from—Mr. Woodbury, of Boston. I believe he is not a 
inember, but I am sure the Institute would like to hear from 
him on this very interesting question. 

Mr. C. J. H.'Woodbury'':— Although I am here as a guest, I 
willingly avail myself of this opportunity of expressing my ap¬ 
preciation of the paper of the evening on Mr. Leonard’s method 
of connecting motors with generators'; and in the consideration 
of this question I beg to depart somewhat from former speakers, 
who have confined themselves entirely to a consideration of 
principles Because,” as Jack Buiisby wisely concludes, “ the 
bearings of this obserwation lays in the application on it.” 

I wish to call your attention to the results of the practical ap¬ 
plication of this method of coupling up electric motors in an in¬ 
stance where it served as a solution of the problem after other 
methods had failed, and that is in the application of electric 
motors to the operation of calico printing macliines. Calico 
printing is done by ineans of a number of engraved cylinders, 
from four to eight inches in diameter and wider than the cloth,^ 
which press upon a large drum that carries the cloth under these 
rollers. This^ druna is covered by a belt of cloth about one- 
fourth of an inch in thickness, which is called the blanket, and 
the fact that these rollers are forced against the drum with great 
pressure renders this type of machine a very diflicult one to 
start; the conditions being analogous to the starting of a heavily 
loaded wagon on a soft road. 

The conditions of operation require that the printing machine 
must be able to run uniformly at any desired speed within its. 
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limits of operatiou, that it must be able to move the cloth a few 
inches, and that it must start and stop readily. The method or 
using a two-cylinder engine in the print room has been Intherto 
the best appi’oximation to the desired results. The obstraction 
of desirable floor space, the heat and dirt from the machine, all 
being especially objectionable in this place, were regarded as 

necessary evils. ., j, .1 x „ 

The reconstruction of a print works on the site of one that was 

burned gave an opportunity for an attempt at the application or 

an electnc motor to driving a machine. After other methods 

failed, that devised by Mr. Leonard was successful, ilie motoi 

is placed on the mezzanine floor of the print room, on what is 

knWn as the platform, and is controlled liy a hand-wheel and 

switch at the front of the machine. It has been in operation 

over two years with tlie most satisfactory results. 1 he cloth can 

be moved as little as one inch if necessary, and the speed can be 

increased to any desired result by uniform gradation without any 

^^^¥he ability to stop and to start quickly, as well as to run the 
machine in such a uniform manner also allowed for its operation 
at a greater speed, and I have lieen informed that the production 
of tliis machine exceeded by one tliird that of the othei* machines iii 
the room. When it is considered that the value of a print works 
plant is at least fifty thousand dollars per macliine, this increase 
in productive capacity is of s’reat importance, it is said that 
when the question of introducing a motor into these print works 
was first considered, it met with opposition on the part of tlie 
help and that afterwards when tlie practical results were reached, 
those employed at other machines wished that these also should 
be dri ven by motors In fact, as a result of the experimmit <>ne 
of the firm has made the statement that if he were to hinld a 
new print works he should use electricity entirely for the distii- 
bution of the power, notwithstandiiiiy that the value of exhaust 
steam is greater in print works than in almost any industiy. 

Mjr. Joseph Sachs: —One of the points made in the papei is, 
that there should be no moving apparatus between the station and 
the car. Is not the objection to placing the apparatus, that is, 
tlie additional moving apjiaratus, upon the car, qiiite as great 
as that to placing the rotary transformer that we would use iii a sys¬ 
tem of the kind, along tlie road A rotary transformer does not 
take very mucli attention and we are not limited to placmg these 
transformers at a distance of exactly two miles apart. Ihe loca¬ 
tion of the transformer along the line, transforming the alternating 
currents from a high tension alternating to a 600-volt direct cur¬ 
rent, which would be fed direct to the trolley wire, would he, per¬ 
haps, more efficient than the method illustrated, in which we have 
at least one more transformation to be met with than in the 
method spoken of. The location of a SOO-horse power or more, 
synchronous alternating motor, and a constant current generator 
of equal power upon a car, with the necessary devices for starting a 
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sjDchronous motor, would certainlj take up a great deal of i‘ooin 
and require considerable attention, and I believe tliat altliough 
the system proposed by Mr. Leonard of regulating is certainly a 
very practical and feasible and economical one, we are to-day ol)- 
taining very economical results with the series parallel arrange¬ 
ment, and we can certainly have some other foi’in of keeping a 
constant field of the motor and varying the field and torque "by 
the electromotive force and current*passed through the armature. 
It is true that the location of transformers along the line would 
slightly increase the first cost of plant but would not the addi¬ 
tional simplicity of such an arrangement, and perhaps the some¬ 
what higher efficiency of placing tlie apparatus in that position, 
make it advisable to leave off every tiling excepting the actual 
driving motors, from the locomotive ? (Jertainly wfiere we have 
a very long road of say one hundred miles and’^very few trains 
moving thereon, the devices proposed hj Mr. Leonard would 
certainly be most advisable to be used. J3ut where there 


are a comparatively large number of trains moving on a long road 
1 should think the more acceptable plan would he to make the 
transformation from the alternating to the diz*ect curj’ent outside 
of the moving locomotive. It must be remembered that a road 
of this kind would most probably be operated at a high speed 
allowing of very few stops in the distance specified. The regu¬ 
lating apparatus would, therefore, not be used very frequently. 
I think, f urthennore, we are not absolutely limited to one con- 
tact but that two wires can very readily be used, and some 
form of motionless transformer with a multiphase current can be 
utilized without the various rotary transformers that w^ould be 
necessary in a single phase alternating system. 

The President :—Mr. Leonard will close the discussion unless 
some other member wishes to speak. 

Mr. E. N. Bay LIS In view of Mr. Curtises demand for spe¬ 
cific figures on efficiency and in regard to what Mr. Hill and 
others said afterwards, it might be interesting to give a figure in 
the case of an actual test on that arrangement. About the time 
this method of ^ regulation was brought out I had occasion to 
make a test of it and was very much surprised at first at the 
value of the efficiency obtained. The arrangement wliieh I had, 
put the apparatus under very unfavorable circumstanceB. I had 
two ten horse power motors, one used as a motor and the other 
^s a generator, and a five horse power hoist which had a double 
reduction gear. There was a prony brake used on the drum, so 
that it made the apparatus sometlung like that here exhibited, 
and with all that gearing and with the full load on the drum, 
and the rheostat so arranged that the speed of the motor, and the 
speed of the five horse power motor—which was normally about 
1,500, was about 190 revolutions, the efficiency obtained was 
about 70 per cent.;—it was 69 and a fraction per*cent. This was 
the total efficiency from watts supplied first motor, to brake horse 
power output of hoist drum, and was certainly very high for such 
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ail arraiii>:emeTit as tliat, considering all the ^earino;. Re^-nlatiiii*- 
to the same amount witli an ordinary rheostat on series would 
probably have given forty per cent, or less efficiency. 

Titk Pbesident:— If tliere are no others who wish to speak, I 
will call on Mr. Leonard to close the discussion. 

Mr. Leonard :—One point that I made a memorandum in re¬ 
gard to, was Mr. Field’s statement relating to the possible objec¬ 
tion that might arise due to the difficulty of insulating aSOO-voIt 
alternating current. I liad assumed that tliere would not beany 
particular difficulty in insulating tliat pressure. But it will be 
evident that there would lie no difficulty—^it will make no altera¬ 
tion in the arrangement, and it will be perfectly feasible to 
reduce the pressure to any voltage that will be desirable, and the 
limiting feature of that of course is, that if you liave less volts 
you have more amperes to carry through your contact. Of 
course if you are going to deliver energy of 500 horse powder, if 
you have low volts, you must have amperes correspondingly large. 
1 supposed that 500 would probably be the best, liecause 500 
volts, as I believed, was the iiiaxiinum that it would be safe to 
liave in a liare conductor overhead. 

As regards the question of where we will dispose this appara¬ 
tus, 1 have not made any practical tests of any kind with this 
apparatus uj)on railways. It is evident that until a considerable 
amount of money is available to be spent in tests of a com])re- 
hensive nature for railways, it is idle to take it up. 

The last paper 1 read on this suliject was relative to the appli¬ 
cation of it to street <tars on existing lines, and the objection was 
raised to it wliich Mr. Field has raised, that there would lie diffi¬ 
culty in disposing of the motor genei*ator on any ordinary street 
ear. In tlie case of a locomotive there is no such objection. 
There is plenty of i*oom on a locomotive for the motor genera¬ 
tor. You need the weiglit of the motoj* generator. If you do 
not have the motor generator, you will liave to put an equiva¬ 
lent weight in the sha]>e of cast iron on the locomotive to get the 
weight that is j-eijuired for traction. I purposely in this paper 
dodged tliis question of where you will put tlie apparatus, by 
providing a place that is big enough to put it in. 

As regards the question of whether it would be preferable to 
have the sub-station on the locomotive or the sub-station along 
the line, it seems to me there is every advantage in having the 
sul)-station on your locomotive. In the only prominent experi¬ 
ment that has been made yet on electric locomotives, the whole 
central station is on the locomotive; that is, Ileilmarm’s locomo¬ 
tive where he lias his coal and water boiler, and engine, and 
dynamo and motor all on lioard. I notice that lie is able to 
operate and run 75 miles an lionr and ])ull 14 cars back of him, 
with every prospect of high speed work. 

As regards the point of comparative merit of putting the 
transforming arrangements on the locoTnotive or along the line, 
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it is evident, if they are along the line, they are ^oing to require 
care. If they are in motion they require additional operators, 
which would be avoided if they are on the locomotive. W^ith 
my system you have nothing between your source of power and 
your" locomotive, about which your engineer has any question 
Whether it is moving or whether it is not. He knows that when 
his apparatus is all right, that everything back to the central 
station is probably in good working condition. There are not a 
lot of rotating transformers and all that which must perform in 
order to be sure that lie is able to go. 

One of the most important points is this: The locomotive 
carries in itself sufficient energy to take care of its own train at 
any point on the road. But if you have a sub-station along^ the 
line the sub-station must be of such a size as will enable it to 
provide power sufficient for the operation of, perhaps, two or 
three times the usual maximum load because of trains that may 
perchance be upon that section at one time. Every one of those 
sub-stations must be big enough to take care of this unusual 
maximum load. Therefore, your sub-stations must have a very 
much larger amount of horse power installed, than the amount 
installed upon the locomotives when each locomotive is always 
taking care of its own load and no other load. 

Another point is, where you have them all on the locomotive, 
you have the economy, not necessarily of stopping once in a 
hundred miles, as one speaker has said, but of taking advantage of 
down grades and effecting a saving of energy, which you would 
not have to any such extent in a sub-station. 

A still further point is that the apparatus, it seems to me, is 
much simpler to handle when all on board of one vehicle, than 
when part of it is in one place and part of it in another. 

As regards the restoration of energy to the line, I can only 
give the results of practice. It seems to me evident that there 
is every reason for having some kind of a device which will take 
advantage of the energy which is to-day wasted. The statistics 
which Mr. Sprague gave in the past, and which I have not heard 
challenged and presume are accurate, were tliat 59 per cent, of 
all of the energy in use upon the Third Avenue Elevated here 
was used in getting up speed—acceleration alone—and that 24 
per cent, was used in overcoming the grade. Now, if 24 per 
cent, is the amount of energy which is required in overcoming 
the grade—^the lifting effect, entirely independent of the accele¬ 
ration and traction, certainly it will be worth considerable to 
save a large fraction of the 24 per cent., and any method which 
will restore that to the line will be beneficial, and on lines which 
have considerable grade, which is the kind of road that electric 
locomotives will be particularly adapted to, we will get a very 
much more marked saving due to this restoration of energy to 
the line than in such a road as the Elevated. 

There are no in jurious effects in practice upon the engines and 
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prime movers by virtue of restoring energy to tlie line by tliis 
method. That lias been very clearly demonstrated in the case 
of traveling crane service and in elevator service, and where a 
very large amount of energy is restored to the original circuit. 
Of course, if you take a liypothetical case of a motor going down 
a steep grade and only one motor in nse, and a water-wheel, or 
an engine, or something of that kind, which is going to have no 
other work to do, it is possible to conceive that tlie energy re¬ 
stored to tlie generator driving it as a motor might cause some 
little troulile in the central station. But that is not a practical 
condition. Tlie practical condition is, tliat you do have more 
than one, and that you will never reach a period where the 
energy restored is going to make your engine run beyond its full 
speed*, and even if it does tend to, the engine soon begins to act 
as a brake by virtue of the partial vacuum—a sort of pneumatic 
pump—it tries to pump air and it acts as a brake hrst-rate. 


[COMMUNTOATKJ) AFl'ER AD.rOLTRNAfKNT 15Y MR. GEOROK V. LOW. 

One of tlie first impressions received from Mr. II. Ward 
Leonard’s paper on How Shall We Operate an Electric Rail¬ 
way 100 Miles from the Power Station,” is the fact that in the 
adoption of such a scheme, or, hroadei* still, by the general adop¬ 
tion of alternating current as the energy for operating electric 
railways circuits, a long step in advance would be taken in re¬ 
lieving the prevalent insurance idea that trolley circuits form 
uncoiltrollalile” hazai'ds, A moments reflection will show 
that 500 volts dire(d. current is more hazardous to property in¬ 
terests than 500 volts alternating, in that the hazard of crosses lie- 
tween an alteriiatingcurrent trolley circuit, and the various aerial 
circuits is greatly reduced, if not almost eliminated by tlie self-in¬ 
duction of the various appliances in connection with sucli aerial 
circuits, and tliat the electrolytic destruction of water mains and 
underground metal work would lie a thing virtually impossible 
of occurrence with alternating current equipment. The use of 
alternating currents for overhead trolley circuits is, therefore, to 
be commended from these points at least. 

A belief that this feature is of material concern to electric 
railway people and the public in the larger cities, is my apology 
in presenting so marked a deviation from the original theme. 

Sau Francisco, March 1, 1894. 


The President :—Gentlemen, there are one or two otlier 
items of business. We have an application from Chicago to 
elect a local lionorary secretary so as to permit local meetings to 
take place. Of course I am aware of the fact that our rules re¬ 
quire tins to be acted on by the Council. Mr. Caldwell, the 
gentleman who was cliairman of tlie committee making the aj>- 
plication, made an endeavor to get the application before the 
Council at its meeting to-day. As I am very desirous that these 
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Hieetitiffs shall be held, and as I know that (x~>iincil is desiiou 
that they shall be held, in ovdei* that no time should be lost, 
have taken the liberty of getting an informal vote from all tin 
members of the Conncilhere,and lam sure that you will author 
ize the little irregularity. 1 will therefore announce that t u 
Council appoints Mr. Oaldwell ^ local honorary secretary, h 
having obtained, in accordance with our rules, 11 votes of the 2( 
who have signed the repoid, as required by our rules. 

There is a final piece of business before the meeting, and tha 
is any action that you may wish to take as to^ the report of tie 
committee on changes in Rule 5—the election rule. I’lus re 
port is signed by Mr. Herzog, Mr. Martin, and Mr. Uptoii. 
am not quite sure as to whether Ave can act on it to-night unde 
the rules. To amend the rules at any regular meeting a two 
thirds vote of the membei-s present is required, and written notiC' 
of the proposed amendment shall he given out at tlu‘ proviou 
meeting. If that has been done, I suppose these niles can 1) 
passed fo-night. 'What is your wish in the matter. 

Mr. Phelps :—There is'some obscurity in respect to the nile^ 
the organic law’s of this body, and I think such a mattei' as ado[)l 
ing a change in the rules of election ought properly to he left 
the annual meeting in May. I 8uppo.se that this meeting migh 
express its views in regard to the report as a recommendation t 
the general meeting. ' The election occui*s hut once a year, am 
a great many of our members wdio live at distant |)oints sehloii 
re'ach us except at the annual meeting, whether it be held i 
New York or elsewhere. We can hardly, I tliink, with any ju-c 
priety vote upon any chairge in the election rules in I’espec't t 
their effect upon the election to occur twu) months from now, au 
it seems to me it would be wise to defer any action upon tha 
report until the general meeting in May. 

Mr. Leonard :—I move that this question be laid U])ou th 

table. 

Mr. Upton :—I think some action sliouhl be takem on thi 
report of the committee in view’ of the coming election. _ Th 
present, amendments here are merely to make clearer the intet 
tion of the former niles. This matter was brought up at th 
annual meeting and referred to a committee, and there was 
general understanding that these amendments should be place 
in the rules, and I think there should be a vote taken. There: 
no change from the spirit of the former lade. 

The ^President :—What is your wish ? There is a motion f 
adopt, and there is a motion to lay on the table. Neither motio 
is seconded. 

.Mr. Burnett: —I second the motion to adopt. 

Mr. Phelps : —I am wholly of one mind with Mr. Upton i 
respect to the de,sirability of a revision. I have no doubt aboi 
that whatever. But in view of the somewhat anomalous situ 
tion in which we find ourselves, that is to say, with some doul 
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wlietlier these uioiitlily meetings at New York are the Institutis, 
or vvhetlier the Institute is only the body of people convened 
at the annual meeting in May, it seems to me that we had better 
defer any change Avhatever in the election rules until May. Our 
whole organic law needs revision. It is in a somewhat inchoate 
condition. It would, I think, be wiser to let the forthcoming 
election be held under the old rules rather than to have any 
question raised hereafter whether tins meeting liad the right or 
not to deal with the election rules. 

The Seceetaby: —There is one provision of the revised I'ules 
which it appears to me can be carried out. Under the proposed 
amendment of the rule b^^ the committee, it says: “ Opposite the 
“ name of each nominee in eacli list sliall be printed a number 
indicating the number of nominations received by him, and a 
“ suitable explanation of tiiese numerals shall be placed on the 
“ sheet.” There is nothing in Rule 5, nor in the existing rules, 
as a whole, so far as I know, to prevent tins being done now. It 
would have been done last year, only, as far as I could find out, 
it was not thought judicious to jnit the numbers there. But if 
the committee in its wisdom, or the meeting, or any person 
in autliority deems it proper to put those numbers there, there 
can be no question as to the right of inserting them. In fact 
they were put in type last year and taken out. As this require¬ 
ment can be carried out under tlie present rule, it leaves notliing 
but the question in regard to the envelopes. 

Mr. Phelps: —I think it would be liazardous to meddle with 


the rules in tlie slightest particular; just as hazardous as it would 
be to adopt an important coinmittee report at this time. It 
seems to me quite clear that we are bound to go on till the next 
election under precisely tlie same rules as we had last year. If 
we adopt the suggestion of the Secretary we might as well adopt 
the whole report of tlie committee and make all the changes 
suggested by the eoinmittee. I believe tlie motion before the 
house is the adoption of the report of tlie committee. 

The President: —There is a motion to adoyit the report, and 
a motion to lay on the table. The motion to lay on the table is 
not seconded. Does anyone second the motion to lay on the 
table ? 

Mr. Phelps: —I did not second it, as I understood the other 
motion had precedence. 

The President :—Then I will put the motion, if the meeting 
is ready for the question, to adopt the report of the committee 
on revision of the rules. 

The Secretary :—I would like to ask for instructions. Rule 
5 goes on to say that the nomination circular sent out by the 
Secretary shall contain a copy of this rule ; that is, a copy of the 
existing rule. Now, as I understand, that nomination circular 
when sent out containing a copy of that rule, is for the purpose 
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of mforniiiig tlie members as to the rule of the Institute govern¬ 
ing elections, and they are supposed to send in nominations in 
accordance with Enle" 5 as sent out by the Secretary, which has 
already been done. Now if we adopt this amended rule, have 
we o-ot the right to change a rule that lias already partially gone 
into^effect and has been promulgated under the lately existing 
state of affairs ? That Eule 5 as it existed, has gone out to the 
whole membership, and under that the election machinery has 
proceeded. My opinion in regard to this is that having promul¬ 
gated this rule as it stood we have no power to institute another 

rule. 

Me. Phelps :—Will the Secretary read Eule 5 again. 

The Seceetary :—The paragraph that i referred to is as fob 
j—« During the first week in Februarj’^ of eacli year the 

Secretary shall mail to each full and associate member of the 

Institute a list of members; a list of the offices to be tilled at 

the ensuing annual election in May, giving the names of the 
‘incumbents, and a copy of this rule, with the request that 
“ nominations, propositions and suggestions as to desirable candi- 
“ dates be made promptly and prior to March 1st.’’ Now that 
had to be done according to the rule. I hold that the sending 
out of that rule to the membership is their law for the election. 
Copies were mailed the first week in February. 

]VIe. Burnett :—I withdraw my second. 

Me. Phelps :—Now that imle has been sent to all the mem¬ 
bers of the Institute by the Secretary, and that reinforces my 
point that no variation in the rule should be made between now 
and the election. 

The President :—The gentleman who^ has made the motion 
has withdrawn it. 

Me. Phelps : Then I second the motion to lay on the table. 

The motion to lay on the table was carried. 

[Adjourned.] 



Incompleted Work of the International Electrical 

Congress op 1898. 


The following circular letter has been forwarded to the 
chairmen of the sub-committees of the Institute. 

Philadelphia, February 23rd, 1894. 

A meeting of the Chairmen of the different sub-committees on Incom- 
pleted Congress Work, to whom was referred the consideration of suitable 
standards of light and illumination, was, in accordance with the notice al¬ 
ready sent you, held at the rooms of the American Institute of Electrical 
Engineers, New York, December 28th, 1893. 

At this meeting the proposals and enquiries of the various sub-committees 
were considered. 

It was decided to defer the formulation of any selected course of experi¬ 
mental work until such time as the progress made in any branch might 
render collateral organized aid an advantage. In the meantime, however, 
it was thought that the various suggestions which had been offered by the 
chairmen ot the different committees should be exchanged among the local 
committees, not only with a view of creating new interest in the work, but 
also for the purpose of indicating the direction along which the various 
sub-committees would be likely severally to pursue their investigations. 

I therefore take pleasure in sending you an abstract of the written 
suggestions that have been made to me as general chairman of the 
committee. 

(a.) Professor Brackett of Princeton University, (December 4th, 1893,) 
considers that a device which will enable a given source of light to be com¬ 
pared with a suitable standard, without the intervention of the eye as the 
means ot comparison, need not be despaired of. That such standard, if 
found, should be referable to the fundamental standards of length, mass 
and time. 

That for commercial purposes, a convention should be made as to the 
definite wave lengths that should be considered within the visual spectrum. 

(b.) Professor Charles R. Cross of the Massachusetts Institute of 
Technology, Boston, (December zstli, 1893,) believes that a measured area 
of a flame should without doubt be a better standard than the complete 
flame. 

Recommends that an endeavor be made to secure a constant and definite 
section of flame from oil or gas of definite composition, and that observa¬ 
tion be made to ascertain how far this may be subject to variation of 
temperature or pressure. 

Suggests that an examination should be made as to the errors which may 
attend the use of a chimney with the methven screen ; whether square 
chimneys could be used, or metal chimneys, or chimneys with an internal 
layer of lampblack. 

Recommends that the influence of sectional dimensions in the carbon arc 
upon its illumination should be observed, and that the capabilities of 
various photometers to compare lights of varying colors should be 
examined. 

Suggests that the device of rotating an incandescent lamp about its axis 
of symmetry in the photometer might be tried, to secure, if possible, a more 
uniform average horizontal intensity of emission. 

(c.) Professor Reginald A. Fes'senden of the Western University of 
Pennsylvania, (October 30th and December 9th, 1893,) suggests: 
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That there is no hope of obtaining a satisfactory standard light for 
purpose of visual comparison in photometry, for the reason that the optical 
effect of any standard light is not generally the same either for two obser¬ 
vers at the same time, or for one observer at different times. 

He consequently recommends that all laboratory measurements of light 
should be made in terms of radiant energy by examining, say with a bolom¬ 
eter, the distribution of energy through the spectrum of the illuminaiit, 
and mapping the same in reference to wave length. 

That to interpret the optical and visual values of any such map of energy 
distribution, a series of experiments should be carried out. once for all of 
the optical effects pertaining to one watt of radiant energy at various wave 
lengths of the spectrum, referred to the optical effect of D-wave length as 
standard. In order to obtain a fair average, this could be carried out with 
a number of different observers. Having obtained the optical value of one 
watt of energy at a suitable number of points in the visual spectrum, the 
map of energy distribution for any light tested would be capable of direct 
conversion into a numerical valuation of optical effect. 

That experiments should be made upon the effect of shape of the methven 
screen upon its light, and the influence of temperature and pressure of the 
air upon its constancy. 

That the best form of bolometer for use in mapping energy distribution in 
spectra be studied. 

That experiments on the optical effect of one watt in the different parts 
of the spectrum as outlined be made 

That the exact determimation of the losses of reflection and absorption 
of the glass used to produce a spectrum should be studied. 

That the determination of the absorption of different varieties of lamp¬ 
black for long, waves should be made. 

That for practical standards of light the methven screen standard, and 
special incandescent lamps at a specifled voltage should be employed, their 
optical valuation having been previously determined by the radiation 
method, and from these sub-standards, photometric measurements could be 
made in the ordinary way, or with absorption screens. 

Also in another letter of February 8th, 1894, he states that he has suc¬ 
ceeded in constructing a simple and extremely delicate form of thermo-pile 
by electrically welding together a number of wires so as to form a thermo¬ 
junction and subsequently rolling down the junction to a few ten 
thousandths of an inch, the junctions being in series, one .set being pre¬ 
sented to the standard of radiation and the other to the light to be 
measured. 

(d.) Prof. Nichols of Cornell University, (December 4th, 1893,) hopes to- 
test the following existing light standards : The Hefner. Carcel, Methven, 
Standard Candles, and the new arc standard for steadiness of light. Means 
have been found to indicate with the bolometer all the minor fluctuations 
in the brightness of such sources. 

Also with a view to producing a practical standard of light, hopes to 
experiment upon the means of securing a surface of incandescent carbon 
maintained at a constant temperature by an electric current in an atmos¬ 
phere of low but constant pressure of definite composition, the area of 
incandescent surface being such that direct photometric measurements can 
be made from it. The temperature of this carbon surface to be measured, 
if possible, in four ways, by change of length, by change of electrical 
resistance, by platinumdridium couple, and by radiation. 

‘Also in another letter, February reth, 1884, announces that he has 
obtained satisfactory life curves of various light standards by means of the 
bolometer and galvanometer. 

(e.) Professor Perrine of Leland Stanford Jr. University, (December 
23rd, 18931) suggests specifications as worthy of being prepared for 
adoption in all standard photometrical measurements. Such, for instance, 
might refer to the dimentions of the testing room, which could be 15 ft. x 5 
ft. and 8 ft. high, lined with black flannel, and with screens of the same 
material hung from the ceiling every ten inches between the two lights 
used, which would be separately enclosed at the ends of a 100 in. scale. 

Believes that a comparative investigation should be made of photometric 
screens. A proposed screen is composed of two pieces of clear glass,' 
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ground together, and viewed from the edge. The position of equal 
illumination on the sides being such as will cause the line of separation 
between the glass plates to disappear. 

Also that two light standards should be adopted of different quality for 
use with tested illuminants of corresponding spectrum distribution. Thus 
the Hefner-Alteneck standard might serve for one, and the arc-standard 
for the other, the division being made with reference to the F-line of the 
solar spectrum. 

(f.) Prof. Sheldon of the Polytechnic Institute, Brooklyn, (December loth, 
1893)- 

Considering that the whole subject of light and illumination is intimately 
connected with the question of color distribution and relative intensity in 
different portions of the spectrum, it might be advantageous to investigate 
the constancy of the Swinbume-Thompson standard in this respect. Also 
that it would be important to investigate the change in quality of light 
emitted by incandescent carbon as dependent upon its temperature. 

(g.) Mr. Edison, (February 28th, 1894,) suggests : “ Passing slowly by 
clockwork a definite sized platinum-iridium wire through a hydrogen flame, 
surrounded by a chimney, and using a section only, of the incandescent 
wire as standard. The moving of the wire would eliminate variation in 
size and deterioration of the surface.” 

I should be pleased as General Chairman of the Committee to receive any 
other suggestions or recommendations from you, or any information as 
may in your judgment be of interest to the other chairmen. 

I append a list of all the chairmen and members of the sub-committees 
as far as yet appointed. 

Very respectfully yours, 

Edwin J. Houston, 

Chairman. 


SUB-COMMITTEES OF INCOMPLETE CONGRESS WORK.. 


Prof. C. F. Brackett, Chairman. 
JNO. W. Howell. 

F. R. Upton. 

Prof. F. B. Crocker, Chairma^i. 
Holbrook Cushman, Esq. 
Herschel C. Parker, Esq. 

Prof. Charles P. Cross, Chairman. 
Prof. William L. Puffer. 
Prof. Elihu Thomson. 


Dr. Louis Duncan, Chairman. 
Hermann S. Hering, Esq. 

T. A. Edison, Esq. , diairman 
A. E. Kennelly, Esq. 

Prof. R. A. Fessenden, Chairman. 


Dr, E. L. Nichols, Chairman. 
Chas. P. Matthews, Esq. 

C. H. Sharp, Esq. 

Dr. F. A. C. Perrinb, Chairman.. 
Prof. Clarence L. Cory. 


William H. Preece, Esq., Chairman. 
Captain Abney. 

Prof. J. A. Fleming. 

Dr. Hopkinson. 

Prof. S. P. Thompson. 

Dr, Samuel Sheldon. Chairman. 
Augustus Treadwell, Jr. 

Dr, Benj. F. Thomas, Chairman. 

E. G. WiLLYOUNG, Esq., Chairman. 
C, O, C. Billberg, Esq. 

E. R. Keller, Esq. 


Dr. William E. Geyer, Chairman. 
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[communicated by MR. THEODOR J. W. OLAN.] 

[In discussion of Mr. Mauro’s paper see p. 56 , (inte,\ 

This veiy interesting paper read by Mr. Mauro at tlie last 
meeting of this Jnstiidtb has reference to a subject of too inueli 
importance to the members of this institution, and advanced too 
many startling points to allow the matter to lie dropped, after 
having had no other jjractieal result than a merely platonic dis¬ 
cussion. I deem it very likely that abler liands and pens than 
mine will take advantage of the invitation for a continuation in 
writing of the discussion of the subject in que.stion. I'liinking 
it proper, however, in this respect to take no chances, I 
have accepted the invitation to the end, that the Institute may 
arrive at a practical result therefrom, of benefit to the Institute 
itself, as a promoter of right and justice in legislation and proba¬ 
bly of benefit to most of its members, as representing a large 
portion of the inventive intellect of the nation. 

The first startling point we meet in the paper is contained in 
the following sentence on page 56: “It is a natural desire of 
every citizen to see the affairs of the Patent Office so admini,s- 
tered as to produce the greatest possible benefit to the iniblic ” 
That sentence seems startling, in-so-far as it appears to acknowl¬ 
edge or justify the desire of the public to violate the rights 
granted to the inventor bjr the patent law. I have already "had 
proof that the patent officials have seen fit to interpret their offic¬ 
ial duties in an analogous manner. On one occasion, when dif¬ 
fering with an examiner in patent matters, I was advised by him 
that 1 had the right to appeal from his decision. I answered 
that I would rather give up, as I did not like to come into con¬ 
troversy with the examiner in my first patent case. “ Now,” he 
said, “ it is very wrong for ^ou to have such an opinion, as, ac¬ 
cording to that principle, an inventor takes all the chances not to 
get what he is entitled t<>.” He laughed at his own words, and 
his assistants laughed also, apparently all conscious of tlie ab¬ 
surdity of the words exjiressed, and of the sophistic audacity of 
such an interpretation of the law—this by such an official liim- 
self, who had been put into his position in order to exercise jus¬ 
tice and impartiality to the best of his judgment. I took the 
examiner’s words at that time merely as an improper joke without 
consequence. To-day, however, when such an interpretation of 
the patent law prevails to such an extent that its discussion is un¬ 
dertaken by this institution, I think the time has come for an 
■earnest and decided protest against the policy outlined, and 'for 
a clear and conclusive demonstration of the real principle, aim 
:and object of the law. In its principle, the patent law is an ac¬ 
knowledgment from the side of the state, of the inventor’s title 
to his invention, and in consideration of a certain fee it orants 
him for a certain period the exclusive right to use for his own 
■exclusive benefit, if he deems proper, the fruit of his genius. 
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With the exception of the fee payable to the state by the inven¬ 
tor, the patent law provides for no other profit for the public. 
The benetit from the patent itself during the patent period lies 
entirely with tlie inventor; and the public benefit that may he 
derived from the invention after the patent has expired can not 
have anything to do with the patent itself, nor consequently with 
the patent law or the administration thereof. 

An illustration may serve to make the evidence thereof con¬ 
clusive. If, for instance, an inventor had invented a fl.ying ma¬ 
chine, and a patent therefor had been granted to him, said pat¬ 
ent would grant him exclusive right to make and use the inven¬ 
tion for 17 years. If the inventor now felt it his ambition to 
fly alone for that period, the patent law allows him that privilege 
without interference from the public. He may use it for exer¬ 
cise alone, or he may chase swallows, mocking birds, or wild 
turkeys ; it is none of the public’s business. If the people desire 
to see the affairs of the Patent Office so administered as to bene¬ 
fit the public in otlier respects than as a mere source of revenue 
from patent fees, instead of the benefit of the inventor, in ac¬ 
knowledgment of whose right and for the benefit of whom the 
patent law was created, such desire, as abolishing the principle of 
said law, must be checked in such a way that it will not re-ap- 
pear; and it must be checked now, since from a timid and so¬ 
phistic argument from the side of the patent officials it seems to 
ijave entered into the public’s mind in earnest and to such an ex¬ 
tent as to claim acknowledgment from the inventors themselves. 
Even the patent officials,—if they are so misconstruing the law, 
.and whilst exercising tlieir odicial duties are aiming to henelit 
the public at the expense of the inventor, for the benefit of whom 
the law exists,—must b *. cliecked, and checked in such a way 
as to he able no longer to defy the law and violate or ol>viate its 


purpose 

It might be said that the inventor claiming such great advan¬ 
tages is really asking too much. I think not. Another illustra¬ 
tion may serve to enlighten ns on that subject. The state says 
to the inventor: In consideration of a payment of $35.00, I 

sell you a sufficient piece of ground upon which to build a house. 
You must build your house yourself, and you may afterwards use 
it as you deem proper for your own benefit and for that of your 
wife and children. I agree not to take it away from you until 
after a period of 17 years. I will instruct a commissioiier to see 
that you touch only your own ground and to guard you during 
the erection and thereafter for 17 years, from public assaults. 
The inventor does not ask why the state fails to rob the prop- 
•erty holder of his house after 17 years, or the farmer of his 
farm, or the banker of his cash after the same period. Although 
he knows that he has a-? much right to remain the owner of the 
fruits of his labor as anybody else, he makes no objection; he 
pays his money, he builds his house—and after 17 years it is ta- 
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ken away from him. Has the state thus granted the inventor 
too much ? The socialists may say it has, but the adherents to 
individual ownership will say it has not, and they will appreciate 
the inventor’s endeavors to defend the little ri^ht and justice that 
has once been accorded to him. How, since it is evident from 
the very principle of the patent law as I have tried to point out, 
that said law exists for the benefit of the inventor and not for 
that of the public, the law must be altered so as not to allow^ that 
principle to be subject to any assaults, either from the public or 
still less from the patent officials who have charge of the admin¬ 
istration of said law. It must be altered so that it will become 
impossible for those officials without serious consequences for 
themselves to place obstruction in the inventor’s way under his 
endeavors to secure his right. The law must be made so clear 
and concise as to allow neither liberality ” nor “ illiberality 
from the officials, which will at once do away with all arbitrary 
treatment of the inventor. The law must be altered so as to be¬ 
come logically consequent to its different paragraphs or sections^ 
so as not to give room for any interpretation leading to confu¬ 
sion. The law must finally be put in accord with general princi¬ 
ples of justice and right and in general be made so clear, conse¬ 
quent and concise in its form that the inventor will know that 
he has to deal with.the law itself and not with the different indi¬ 
vidualities of various officials. 

The principal changes to be made, and how they are to be made 
we may largely determine from various points brought out in 
Mr. Mauro’s meritorious paper. The first thing which has to be 
made clear is this. What may be subject for a patent? The law 
answers in this respect distinctly, that subject matters for patents 
are inventions or discoveries of a certain specified nature, but the 
law does not give any definition of said expressions. 

It is evident that it the highest authority in patent matters, the 
Supreme Court, does not know, what, for instance, an invention 
is, since that body thinks the expression invention undefinable, 
the law itself must give a clear definition of the expression. If 
it is a fact that the Supreme Court has denied a patent because 
the inventive faculty had not been exercised, they have given 
proof that they can not define an invention, since they have used 
definiendvm in dejmitumj^ which is a fundamental logical 
mistake. If the expression invention ” is clear, the expression 
‘finventive” is also clear, but if the meaning of the former is ob¬ 
scure the latter will be the same. The conclusion must be, that 
the Supreme Court denied a patent, because something, they did 
not know what it was, had not been exercised. It is evident 
from this that the patent law as it is, does not offer the inventor 
sufficient guarantee for a treatment in the spirit of the law, not 
even in its last instance of appeal. I do not think, and I feel 
certain that this Institute will agree with me that it is not im¬ 
possible to give a definition of an invention, as the Supreme 
Court seems to hold. . 
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An invention is simply : solved problem, having reference 

or relation to matter.” 

An invention is always caused or has its origin from a ques¬ 
tion put to the inventor^ mind, how may this or that be done or 
made, and the invention is his materialized answer to that 
question. 

An invention in the sense of the patent law is any construction, 
composition, combination or proceeding adapted to answer for, 
or to accomplish a predetermined, useful and legal purpose. 

A patentable invention is : 

a. Any construction, composition, combination or proceeding 
adapted to answer for, or to accomplish a predetermined useful 
and legal purpose, said purpose not previously publicly known 
or perceived. 

1). Any new construction, composition, combination, or pro¬ 
ceeding adapted to answer for, or to accomplish a predetermined 
useful and legal purpose, said purpose previously publicly known 
or perceived. 

0 . An improved construction, composition, combination or 
proceeding adapted to answer for or to accomplish a predeter¬ 
mined useful and legal purpose. 

Improvement, is any construction, etc., adapted to answer for a 
given purpose in a cheaper, simpler, more effective or more per¬ 
fect manner. 

A discovery is any disclosed and previously unknown fact 
with reference to the existing. 

A patentable discovery is evidently any disclosed fact with 
reference to the existing, which can be usefully applied for a 
patentable invention. 

If we now agree, that the definitions I have given of patent- 
able inventions and patentable discoveries are snfiSciently clear, 
not to allow any doubt of what is subject matter for a patent, 
according to tlie jiatent law; the necessary amendments of said 
law in order to make it just, consequent and all through consist¬ 
ent with its demonstrated principle and purpose, can be easily 
concluded with a review of the different sections of the law itself. 

In section 4887 of the present patent law it is said: ‘^No per¬ 
son shall be debarred from receiving a patent for his invention 
or discovery.” We have there the fundamental command of 
said law, and after the clear and unmistakable meaning of that 
comrjiand, all the other sections and paragraphs of the law ought 
to be tested as to suitableness and wording in order to make the 
law just, Iiarmonious, consequent and consistent with the prin¬ 
ciple of the law plainly expressed in the command. 

The first, the most important and evidently undeniable conclu¬ 
sion we may draw from the cited command, is that the law must 
provide suAcient guarantees for the inventor to attain his right, 
at least with the last deciding authority in patent matters. The 
Supreme Court of the District of Columbia is this authority. 



118 


MAUMO ONTEBPATENT OFFIGE. 


[Mar. 21 


How has this authority proven fit for.the task conferred upon it? 
According to Mr. MaurOj it does not know what an invention is, 
and it has declared it impossible ever to know, since its members 
have decided that the meaning of the.expression invention is un- 
definable. And still it has seen fit to give decisions in patent 
cases; judging, without knowing what"it was judging about. 
Does this indicate sufficient guarantees for the inventor to secure 
his rights at last? Certainly not. Without intending a slight to 
the Supreme^ Court, I think it impossible for a body of lawyers 
(if lawyers simply in training and education) to exercise proper 
judgment in tnis matter; it lies in the very nature of things 
themselves. The thought of a mere lawyer direcdng a number 
of inventors reminds me of a hen put in charge of young ducks^ 
Their instincts are too different for mutual satisfaction. 1 he re¬ 
quirement for ability regarding all the various questions that may 
arise, necessitates too fine distinctions for allowing us to hope 
fair decision from unquestionable integrity alone. Common 
sense does not constitute the only qualification for a suitable judge 
in patent matters.^ It is the trained skill and fine instinct derived 
therefrom which is eg^ually necessary in the various cases. For 
illustration. Supposing a man has invented a composition of 
nitrate of potash, sulphur and carbon, which he calls powdery 
and that he had received a patent therefore, claiming broadly the 
composition of said three bodies. His composition was of a non¬ 
explosive nature; when^ he lit it, it burned, it whizzed and it 
smelled^ badly. Supposing now another man had invented a 
composition of the same substances in such proportions as to con¬ 
stitute our ordinary gunpowder. He wants a patent for his in¬ 
vention, but he cannot receive it because he comes in interference 

inventor refered to. A Supreme (^ourt judge will 
mobably in this case decide that, as there is no need of exercising 

faculty” for putting a little more or less of each 
of three known substances into a composition, the patent cannot 

j. ^ I . , in the art would decide that, as the 

proportion between the substances in question in this case was 
just as essential as the substances themselves, a patent to the latter 
inventor must also be granted. I am sure this Institute is of 
the same opinion. Whilst the first inventor ought to retain his 
patent right, so^ as to enable him to rest peacefully in the evening 
by ths use of his compound to drive mosquitoes oiit from his loom 
in summer-time, the second inventor ought also to have his patent 
grMted in order to allow him to work our mines, open pur tun¬ 
nels and help the kings, the emperors and the presidents to make 
war against each other and amuse themselves. Many similar 
Illustrations could he given for the delicacy of the task conferred 
upon the last deciding authority in patent matters, and circum¬ 
stances point direct to the following conclusion: The last deciding 
authority in patent matters must be a jury of men. skilled in the 
appertaining art in each case, selected from among men outside the 
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patent office by the contesting parties themselves. This would 
give the inventor, if not absolute certainty, a fair chance to get 
his right in the last instance. 

It is, howevei*, not enough that the inventor should be able to 
secui'e his right in the last instance. The law says he shall not 
be debarred from obtaining it, which apparently means that 
no obstruction or delay should be put in his way, since he has made 
his application for a patent. What provisions are made in the 
following sections of the law for giving effect to the command 
and what is the inventor’s practical experience with reference 
thereto ? 

Section 4888 directs that the inventor, to receive a patent, 
shall make an application in writing describing his invention in 
such full, clear, concise and exact terms as to enable any person 
skilled in the appertaining art thox'oughly to understand the nature 
and use of the invention. 

This requirement complied with, the law provides that the 
Commissioner shall cause the examination of the alleged new in¬ 
vention or discovery. On whom is this task now conferred ? 
On the principal examiner and his assistants. The principal ex¬ 
aminer—who is he, according to law ? Nothing is provided for 
his qualification by law. We may, however, take for granted 
that he must be able to read and write, that is all. Thus the 
specification legally composed for a man skilled in the art, is to 
be judged by a man who may have common school training and 
who may not. The inventor, although having complied with 
the law as to specific completeness and clearness of his specifica¬ 
tion, is subjected to innumerable objections due to inferior 
ability. It is not at once clear how two times two make four; it 
has to be shown how four plus three gives seven, etc., may be 
taken as standards for the objections very often raised. To sat¬ 
isfy the examiner the inventor will have to try and make those 
obscure points clear; he will have to compose as many finished 
lectures suitable for a primary school, as letters with reference to 
objections made. When he has at last succeeded in finishing one 
objection, another one is raised; and when this is done with—yet 
another. He will have to spend money for legal assistance often 
many times more than the entire patent fee. He will have to 
sacrifice his time, armor his patience, dominate his temper, and 
be up early in the morning. 

If he at last succeeds in suiting the examiner and gets his ^pat¬ 
ent allowed he may regard himself fortunate. In many, perhaps 
most cases, he has to appeal to the examiner-in-chief; and now 
at last he has come into the hands of an authority legally^ qua.li- 
fied to understand his description, perhaps. The examiner-in¬ 
chief must, according to law, be of scientific ability, and there 
are great chances then that he will understand a specification 
written for a man skilled in a certain art. The legal number of 
examiners-in-chief are three, and there are therefore threefold 
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chances for the inventor that one of them may have some ability 
in the respective art to which his invention belongs. If the in¬ 
ventor now gets his right from the examiner-in-chief, he is again 
fortunate; but if he does not get it, he can again appeal. To 
whom ? To the Commissioner, The Commissioner, who is he ? 
The law says nothing of his qualifications, but from circum¬ 
stances we may conclude that he is either a republican, ora dem¬ 
ocrat, or a mugwump, that is all. ^ The inventor, unable to judge 
from that as to the skill and training in the arts possessed by 
said gentleman, has to shut his eyes as to the possibilities of his 
chances and blindly cast his twenty dollar pieces in the air. 
Perhaps he will hit a sparrow, perhaps not. If, however, the 
Commissioner acknowledges his rights and grants his patent he 
is fortunate. At all events his case is finished as far as txie Patent 
Office directly is concerned. Now, supposing the inventor was 
accorded his right at last by the Commissioner, is he to be in¬ 
demnified for all delay caused by obstructive and uncalled for 
objections and for his loss of time and money in his endeavors to 
secure his right? Is the principal examiner to reimburse him 
the appeal money—paid on account of his wrong decision, or the 
examiner-in chief for the increased expenditures caused by his ? 
Certainly not; his case is closed, and the examiners are left un¬ 
disturbed to continue the same course with reference to otlier 
inventors. 

The more obstruction there is raised in the inventor^s way, the 
more wrong decisions to be appealed from, the more money the 
Intent Office wpl make; and when the year is at an end, the 
office will in this way have paid in a surplus to the Treasury of 
oue million or two, no matter if most of said surplus is ill earned 
p^i. Is this state of things a desirable one ? Is the praxis liere 
referred to consistent with the clear fundamental command of the 
law, that no man shall he debarred from receiving a patent for 
his invention or discovery. The sections of the law not prevent- 
ing such obstruction but rather favoring it, are they consequent 
with cited fundamental command; are they based upon the in¬ 
variable principles of justice and right, which ought to he the 
desirable aim for all legislatures. Decidedly not. I do not mean 
to say, that, as long as the law provides for an examination of 
app ications for patents, there should be no objections raised ; 
hut what IS undeniable is this, that the inventor should not he 
obliged to hght with the patent officials for “ what he is entitled 

t A 1 ® V X 1^® fundamental command 

of the law, ^t also frorn all the subsequent sections thereof, that 

the patent officials have been placed in office not in order to try 

to defeat the inventor under his endeavors to come to his right, 

ili** *14 assist him under his endeavors. The Jaw 

should therefore be altered so as to clearly point out this as the 
always directing rule for the various duties of said patent officials, 
And provision should be made to enforce said rule, if they after- 
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wards failed to see, or failed to fulfill their duties. The law 
ishould be altered, so as to do away with all undue obstruction 
not only due to inability, but also that heretofore experienced 
from over zealousness of misunderstood duties, or from a desire 
to benefit the Patent Oftice financially, in excess of what is 
required by law. It needs no demonstration to prove, that the 
present provisions in appeal cases may be construed as a direct 
invitation to the patent oflicials to raise in the inventor’s way as 
many adverse decisions as possible in order to cause as many 
appeal fees as possible to be paid. Nobody argues, that ad¬ 
verse decisions should not be made if they are just and qualified, 
and that on the other hand some inventors may appeal from an 
adverse but correct decision; but that the inventor shall pay the 
appeal fee whether he is right or wrong; there is where the in¬ 
justice comes in. 

The provisions in reference to appeals should therefore be 
altered not only on account of the misuses to which they clearly 
may lead, but also in order to accord with principles of justice 
and right. 

I think we are able here to make the following conclusions: 

First: The patent law should make provisions for necessary 
qualifications of all the patent officials so as to provide guarantees for 
their necessary ability to fulfill the duties conferred upon them, 
so far as possible without error or mistakes. 

Second: The examiners of patents should l)e well paid so as to 
enable them to direct their entire attention to their duties, as they 
should be of adequate number for carrying on the business of 
their office without overwork or strain, and the w^ork required 
from them should be so limited, as to enable them to follow the 
progress in the art, and to inalce themselves more and more fit 
for their duties. 

Third: The patent officials should be made independent of 
political influences whereby able men who have either already 
entered in service or who may in the future be appointed could 
be retained in office. 


Fourth: For evidently misconstruing the provisions of the law 
for making arbitrary decisions in defiance of said law the oflicials 
should be removed from office. 

Fifth: An official record should be kept, with reference to decis¬ 
ions of each separate examiner, subsequently reversed upon appeal; 
and no examiner should be allowed to retain office, after having 
had a limited number of his decisions reversed. The inventor 
should be reimbursed by the losing examiner for all expenditures 
for appeal fees, in cases ultimately decided in his favor. 

Sixth: No authority in the Patent Office should have any ad¬ 
judging power in appeal cases, if he is not by scientific merit and 
skill in the arts, fully qualified for such duty in the strictest sense 
and spirit of the law. 

That the last and highest authority in patent appeal cases should 
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be a jury composed of men of scientific ability and skill inauDer- 
taming matters as we have already concluded. ^ 

When the patent law has been so altered as to contain provisions 
embodying the changes here above suggested, and deduced as 
necessary conclusions from the discussions of the matter, then I 
tnmk the law will become harmonious and consonant with refer¬ 
ence to its fundamental command, principle and aim. 

1 think if this Institute took the initiative in promotins' the 
T changes in the patent law referred to, it would not only 
highly favor its own interest and authority, but also benefit a 
great nuiiiber of its members and earn the gratitude of the in¬ 
ventors of the nation. The latter have long enough spent their 

j ^>®“efit of rights 

fhl hv^h?«T not accorde'd S 

tnem by the administrators of said law. 




AMERICAN INSTITUTE OF ELECTRICAL 

ENGINEERS, 

New York, March 21st, 1894, 

The eighty-fifth meeting of the Institute was held this date 
at 12 West 31st Street, and was called to order by President 
Houston, at 8 P. M. 

The Secretary read the minutes of the last meeting, which, on 
motion, were approved. 

The Secretary read a list of associate members elected, and 
transferred to full membership at the Council meeting March 
21st as-follows: 

Name. Address. Endorsed by. 

Agnew, Cornelius R. Electrical Engineer, Kinsman Block W. B. Vansize. 

System Co., 23 West 39th St., C. F. Brackett 
New York City. G. A. Hamilton. 

Billberg, C. O. C. Electrical Engineer, Thomas H. Carl Hering, 

Dallett & Co , 3200 Arch St., E. G. Willyoung, 
Philadelphia, Pa. Edwin J. Houston, 

Bliss, William L., JB, S., M. M. E, Electrical Engineer, Andrew L. Riker. 

Riker Electric Motor Co., 24 James Hamblet. 
Irving Place, Brooklyn, N. Y. T. C, Martin. 

Carichoff, E. R. Electrical Engineer, Sprague Elec- Henry W. Fiye. 

trie Elevator Co., 126 West 34th W. D. Weaver. 
St., New York City* E. C. Davidson. 

Coho, Herbert B. Engineer, Waddell-Entz Co.. T. C. Martin. 

203 Broadway, New York City. F. J. Sprague. 

C. T. Hutchinson. 

Galletly, j. Fred. Electrician, Clark C. Haskins. 

Swift & Co., George Cutter.. 

Chicago, Ill. Fred. DeLand, 

Jackson, Henry Telegraph Supt. and Engineer, The Ralph W. Pope. 

Lancashire & Yorkshire Railway T. C. Martin* 
Co., Horwich, Bolton-le-Moors, Joseph Wetzler. 
Lancashire, England. 

Keller, Edwin R. 4823 Springfield Ave., E. G. Willyoung. 

Philadelphia, Pa. Carl Hering. 

Edwin J. Houston. 

Kirkland, John W. Electrical Engineer, Jas. B. Gaboon. 

General Electric Co., C. P. Steinmetz. 

Schenectady, N. Y. H. G. Heist. 
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Phillips, Leo A. Westinghouse Electric and Mfg. Co., Philip A. Lange. 

98 Green St, Nikola Tesla. 

Newark, N. J. L. A. Osborne. 
Rouquette, William F. B. Proprietor, Rouquette & Co., Charles Hewitt. 

12 Wooster St., James Burke. 

New York City. Geo. R. Metcalfe. 
Rowland, Henry A. Professor of Physics, PVank J. Sprague. 

Johns Hopkins University, Louis Duncan. 

Baltimore, Md. C. T. Hutchin-son. 
Supt. and Electrician. Manchester Geo. F. Curtiss. 
Electric Light Co., 142 Merri- Sidney B i’aine. 
mack St., Manchester, N. H. Caryl D. Haskins. 
Professor of Electricity, Technical Benj. F. Thomas. 
University, Schwanthalerstrasse, C P. Steinmetz. 
Munchen, Germany. F. VY. Tischendoerfer. 


Smith, J. Brodie 
V oiT, Dr. Ernst 


Total 14. 


TRANSFERRED FROM ASSOCIATE TO FULL MEMBERSHIP. 

Approved by Board of Examiners, December 7th, 1S93. 

Almon, Geo. H. 


Egger, Ernst 
Brenner, W. H. 

Haskins, Clark C. 
F1TZ.M.AURICE, James S, 

Total 5. 


Supt. Construction New England District, General 
Electric Co., Boston, Mass. 

Electrical Engineer, Vienna, Austria. 

Electrical Engineer, Montreal Street Railway Co., 
Montreal, P. Q. ^ * 

City Electric Light Inspector, Chicago, Ill. 

C^’«f^Engineer Electric Light Branch, Sydney, N. 


notified the Institute at the 

nortT+&? table the re- 

Rhi 0 ° Units and Standards. Mr. Kennelly 

Mb. Hamilton :—I ^ould like to move that the rpnni't l>o 

taken up for reconsideration now. P 

[The motion was carried. The report is as follows:] 

report op COMMITTEE ON UNITS AND STANDARDS. 

T0 the President and Council, of the ^*893. 

American Institute of Electrical Engineers 

described A linUfflSk'’" of flux, sometimes 

The term “ oersted ” for the c. o. s. unit of reluctance 
Bormal'squaTe cfnUme’ii!' '""ber per 

^pere, and other unil in un^aful 
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As, however, so important a series of new unit magnitudes could only 
meet with general recognition and favor under the authorization of an 
International Electrical Congress, which authorization has been withheld at 
the recent Congress at Chicago and since objections have been raised to 
those magnitudes, your committee considers that the urgent need for 
names specifying the principal quantities dealt with in magnetic circuits 
can best be met with general favor, by adopting for those names the 
fundamental unit magnitudes of the international c. g. s. system after the 
precedents already established in the cases of the c. g. s. units of force and 
work, entitled respectively the “ dyne ” and “ erg.” 

Yours very respectfully, 

Committee on Units and Standards 

F. B. Crocker, 

W. E. Geyer, 

G. A. Hamilton, 

A. E. Kennelly, Chairman. 

The Peesident :—Does Mr. Kennelly wish to open the dis¬ 
cussion ? 

Mr. Kennelly I think, sir, that on the occasion of the meet¬ 
ing before last, the vote by which that report of the committee 
was laid on the table, was a vote given by some of the members 
under a misconception. I think you will remember, sir, that 
there were two motions before the Chair, and that some of the 
members informally stated that they had voted upon the second 
motion believing it to be the first, and in case the intention of 
the meeting were taken again it might be found that a majority 
of the meeting were in favor of the adoption of the report. 

Me. Townsend Wolcott:— Mr. Kennelly’s remarks on this 
subject are printed in the March issue which we have to-night. 

In regard to the adoption of the names of electricians for 
these 0 . q . s. values, Mr. Steinmetz objected to that on the ground 
that it was not according to the other c. o. s units, and I do not 
think that anybody outside of this country would approve of 
that point. I objected myself on the same ground, but that has 
nothing to do with what I now say. I do not think that foreign 
electricians would approve of it. If you could get names like 
erg and dyne, I should be strongly in favor of them myself, but 
I do not think it is a fact that if we fail to adopt names for 
those quantities, there will be any great diflficulty experienced* 
Mr. Kennelly's argument here is that 300 grammes is very much 
more definite than 300 units of weight in the o. o. s. system. Of 
course, that is a very cumbersome expression if it were necessary 
to use it. But we have in common practice expressions some¬ 
what of that nature. We have several kinds of units which are 

•* 

called by the name of degree Degree does not mean much 
more than the word unit. There are two or three different kinds 
of degree. In the first place, the quadrant is divided ordinarily 
into 90 degrees, and by the French it is divided into 100 degrees* 
I do not think it would make it any more plain what these words 
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were, or would give any more o^f a concrete idea of the thi.icns 
themselves, il you eaUed them Le Verriers after the astronomer 
who did the ivork. In the ordinary thermometer scale we .s-iv 
the temperature is so much. For instance, we sav it is verv 
warm to-day; it is 90. We mean to say 90 degi4s. Everv 
body knows what you mean if you just say 90. ^ If there was 
any doubt about it you would have to say 90 degrees on the 
^hienheit scale, because we use Fahrenheit in this country 
Wlien we come to magnetic units, if there is a name attached to 
a unit, unless It be a very short one and very convenient to use 
It would not be used at all by a great many people. I, myself’ 
always speak in this way of the density, if ram tel king to a man 
who knows what I mean by the density of magnetic Induction 

densitj of 16,000 c. o. s. lines per square centimetre. 'That is 
entirely unnecessary. I wish it understood that I do not disan 
prove of naming those units at all, if you can get some <mod' 
names. But I do not think that science is going to suffer so very 
much if we do not name them immediately. 

Another thing is, the provisional adoption of a name is worse 

piovisionally The foreign electricians adopted the name 
weber ’ for unit of current, and then changeil it to amnm-o 
Some books have weber ” in them still. you adont a name 
and then change it afterwards, it makes it worse than if von 

never adopted it. We have hei’etofore madeSakS liy Um" 

n too much ot a hurry. If they had not been in too mudi of t 
hurry to get a new value for the ohm, there would be only two 
values for the ohm in use. At present there are threat he 
British Association the legal ohm, and the international olini 
So « would be w,.b names, if jou adopt any „am2 “itiS; 

Some one says-—I do not know whether officially or not—that 
if any one would find good Greek names that woiil'd do the com 
mittee would adopt them, but we have not got the Greek namS' 

It seems to me that we ought to have some Greek scholars mJ’ 
Kennelly says we do not possess the facility for creating Grfek 

.Tp? “ WeU'3SS*Z;'“ ""f ‘ “PP'^l'e-tion a.* 

as in l^glanr ° this country as'well 

me^tteSTtS^'yei^LS i!? i ^'^l««tt 

tne very one that I would have selected on the other 

i'a ®'™®“‘®nt’s hearing. When vou sav 

16,000 you do not at the present time know what that means T+ 

16,000 lines per square inch or it may mean 16 000 per 
square centimetre, and for that reason there i's an argumenMn 
defining what if mean, by .aying 16,000 gan,Z 

OF. Fbanois B. Okookbk If you are thoroughly familiar 
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with the subject and expect a person to iiialce a certain reinark, 
why then, of course, you can understand it. l~hit assume tliat 
you are teaching some one who knows absolutely nothing about 
it. 1 have had some experience in that direction, and I tind that 
until I can attach a concrete name to a unit it is rarely ever com¬ 
prehended and it certainly takes a great deal longer to make it 
understood. That must be evident to anv one who has made 
any attempt in that line. Mr. Wolcott probably referred to con¬ 
versation between two electrical engineers both of whom are per¬ 
fectly familiar with the subject, each knowing about what the 
other is going to say. But in speaking to some one who is 
learning, I think you will find that the absence of a concrete 
name will do more to give an indefinite idea than any other one 
thing, and tlie presence of a concrete name would do a great deal 
towards giving a definite idea. In fact I deny that a general 
name lilce c. o. s. unit of magnetic flux,” or even '' unit of 
flux” will ever be clearly understood by any but technically edu¬ 
cated persons. JNow we all know that common workmen can 
use the terms volts,” and “^amperes” and “ohms” just as 
intelligently, and for their purposes just as accurately and just as 
satisfactorily as the most learned electrician. I do not think that 
would be possible, in fact I am cpiite sure it would be utterly 
impossible if we called them “absolute units of electromotive 
force,” or even “ units of electromotive force,” l)ecanse such men 
are not accustomed to abstract ideas. They can measure electric 


pressure in volts and tliey understand exactly what it means—at 
least well enough for their purposes and for the purposes of the 
persons who employ them, but if they had to resort to abstract 
terms they could not apply them intelligently This is true also 
of persons beginning tlie study of electricity even though they 
are educated, and hr both of tliese cases I say the giving of defi¬ 
nite names would be of enormous assistance. Now in the case 
of men who are tlioroughly familiar with electrical and mag¬ 
netic science and who know exactly what they are talking 
about, I admit that the necessity is not so gTeat; but even then, 
unless the context or the circunistanees indicate exactly what is 
meant, there is apt to be the ambiguity to which Mr. Kennelly 
referred, that we unfortunately use both cen imetres and inches 
in this country and in England, and we use them about equally 
often, and I should be at a loss to know when any one said 
“10,000 lines” whetlier he meant per square inch or per square 
■centimetre. 

I think that electrical science owes a great deal of its exactness 
and its progress, and its extremely perfect condition at the pres¬ 
ent day, to the fact that we have definite units with definite 
names, and no other science approximates electricity in that re¬ 
spect—even mechanics which is much older and is supposed to 
be more exact than electrical science. But mechanical science 
:at the present moment is much less definite, and there is much 
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more uncertainty even in the use of such words as “ power ” and 
“work” and “force” than there is in the use of electrical units. 
I attribute, as I say, the definiteness of electrical science to the 
very satisfactory condition of electrical measurements and ter- 
minology. I attribute it largely to the fact that we have definite 
names for definite things and we do not call them units of some- 
thing o^‘ degrees,” or other indefinite terms that mean nothing 
Me Wolcott:— I would say that, perhaps, I did not malS 
myself clear enough m what 1 said before. The examples I took 
were things that are used by uneducated people as well as edu¬ 
cated people. Take the mariner’s compass. Certainly ordinary 
seamen are not better educated than the students who begin to 
^dy electocity, and they know what a point on the compass is 
Knowing It by the name point, it meais just as much for ini 
stance, as if they called it a Marco Polo, because Marco Polo 

S introducing the compass into Europe. 

On the same line of reasoning, I say one line of force means 
just as much as though you called it by some man’s name As 

‘0 tliat, that peo^e 

wo np when they have definite names to deal with 

we certainly have a definite name in “ watt.” Watt is sunuoserf 

to m^n something very definite, and yet a great manrSoule 

I tliiTilr if Ann •* 4 . That IS a mjstate that is made very often 

m! n « t> “watts” and “joules.” 

mfrtoH ?; =—This subject seems to have been sub 

niitteci to a well chosen cfimmif+nA t i siio- 

SSirSSsSS 

ES-.SaSfH'KSfi 

two of the forei<m bodierKlS * ? submitted to at least 
and the French It wm Lt fZ T English 

be a good polic; and I wonlJ ^ seem to 

we submit S’ tuition to ’ft “e«en that 

answer. ^ ^e^’eign bodies and await an 

we adopAhfs Sdr^nc'^fo^^T^nd S' P^posed that 

accept it. It is only a Svi^font ’ ^^erld to 

sible, to inducing othe? Sioo J ^Jeption> with a view, if pos- 

something sinfil in The ete S ^ did 

very well. We did not attemnt trf ?”d succeeded 

of the world. We SmpS sTLsti^l. «^e rest 

thing in this case we my alsoSeed.'*’ ^ 

question prior to anvadT^ion\ltb<Tffh submit the 

time. ” P ®^“eugh It may take a little more 
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The Phesioent :—Will you pardon your President for speak¬ 
ing a moment on the subject ? I quite agree with what Prof* 
Crocker has said respecting tlie advisability of having definite 
names for definite ideas, especially when you wish to convey 
those ideas to others. As a teacher, I find it almost an absolute 
necessity if I wish to convey an idea, to clothe that idea in the 
briefest language possible I know the dangers that arise from 
contrasting things that do not exactly resemble one another, but 
any of you who have endeavored to give to a class of young men 
ideas of magnetic flux, desiring to show the relation existing 
between the magneto-motive force and the reluctance, and to 
draw comparisons between the ideas of electric flux or current 
and to show the similar relation between the electromotive force 
and the resistance, will, I feel sure, find great advantage in hav¬ 
ing names adopted for the units of magnetic flux, magnetomotive 
force and reluctance. Of course it does not express any more,, 
when you say there is a similarity between the amperes, between 
the volts divided by the ohm, and the webers and the gilberts 
divided by the resistance, but still it does help very greatly to 
give the ideas. 

I do not at all agree with the member who thinks it is neces¬ 
sary or even advisable to submit our action to any foreign bodies. 
It is only an action which, if we are ready to take, we simply 
announce to the world that pending the adoption of better names, 
we propose to use the terms “ gauss,” weber,” gilbert,” and 
“ oersted.” It does not seem to me that tlie argument of Mr. 
Wolcott is really deserving of very great consideration—namely 
that lieretofore we have adopted for the names of units, the 
names of electricians who have passed from tlieir laboi’s, only in 
the case of the practical unit. If they have served well in the 
place 01 the practical units I see no reason why they should not 
also serve in the place of the c. o. s. units. It seems to me,, 
therefore, that the I nstitupe would be quite warranted in taking 
this step, which is recommended, after due consideration, by cer¬ 
tainly a very able committee appointed by you. 

Mr. Bba.dj..ey:—I think it is a courtesy to the foreign bodies,, 
and I think all those things will draw us all into sympathy with 
them We are all living in a world, and the more nearly we are 
working together the more we are in sympathy, and it seems to¬ 
me a good opportunity to offer courtesy. 

Dr. .Cary l\ HuTCHiNSoisr :—It would seem that the advis¬ 
ability of doing what is proposed, might depend to some extent 
m)on whether you can get other people to follow your example. 
Were not all these names suggested to the Chicago* Congress, and 
did not it decline to act on them ? It seems rather absurd to 
attempt to adopt a lot of names which others will not use. 

The President :—I do not think these names were actually 
acted on. 

Dr. Hutchinson :—I think they declined to take anv action on 
them. 
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Pfiop. Ceockeb That same argument was used against the 
henry, and in that case the result was e.Ktremely satisfactory; 
so satisfactory that a Frenchman moved the acloption of the 
name, and an Englishman seconded it. It was not even neces¬ 
sary for the Americans to urge it. Now, in this ease we can 
simply do exactly as we did in that previous case. AVe suggest 
something to the electrical profession of the world, which we 
think desirable. If they see tit to use it, as they did in the case 
of the henry, then the next international congress will, pro¬ 
bably, adopt it officially, Furthermore, all those who took jiart 
in the Chicago Congress were unanimously of the opinictn that 
the real work of introducing a new unit or term has got to l)e 
done a congress meets. The unit has got to be adopted, 
unofficially, by electricians throughout the world before it can lie 
adopted officially by the congress. A congress has no time to 
discuss the merits of introducing a unit. It is simjilya question 
of whether they will accept it or not, and they barelv have time 
to decide even that question. So it was, I think, the” ojiinion of 
every one at the Chicago Congress, that the real material on 
which a congress can work must be provided for it, and that the 

be threshed out before the congress meets, 
and a long time before, if possible. 

Bk Hutchinson My point is simply that these names have 
TOen before the Congress. Prof. Crocker is right in saying that 
they should be adopted by the entire electrical community of the 
world, and since the representatives of other countries in common 
with those of this country have declined to take action on this 
matter it seems rather like trying to force things down their 
throats. ” 


Mr. a. E Kennelly:— I think it is only fair to say tliat these 
names came before the Chamber of Delegates at the Cliicago 
Congress, not for these magnitudes but in connection with a sys¬ 
tem of practacal units, so called, so that the fact that they wwe 
not endorsed by Congress need not be construed to tlieir disadvan¬ 
tage in this presenta,tion._ It is out of our province, of coui-se,as 
a pr^tieal body of this kind to create fundamental scientific rnag- 

mtudes. But here_ are units already in existence. Here are 
things that we use in our every day work needing names. It 
surely IS witmn our proving to give those provisional names. 

+bF t™ K®°ne]ly remarked, 

the units have already been fixed. They are born; all they need 

fstW tion is, who is to be the god¬ 

father. That seems to be the whole difficulty. The Germans 

would prolmbly not care to ^nd godfather to anything that does 

sal wL" theTrbX ^^® VT *^bout the 

ha^ a7 P?* ®^“®' 'W^hat difficulties they 

had at the first Pans Congress. The difficulties arose, not so 

much in connection with the magnitude of the units, m Si Imt 

nection with the names to be applied to these magnitudes. There 
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seems to exist considerable international jealousy, naturally so, 
on the other side. There is no international jealousy on this side, 
because we are all one. It is probably owing to this circum¬ 
stance that there is so much less of mental inertia, on our side, 
when it comes to naming units. We do not hesitate to give some 
name to a unit if we think that such and such a name deserves 
the honor. Now, I do not think that there is much doubt about 
the names “gauss,” “weber,” “gilbert,” “oersted,” etc., as 
being appropriate to the units to which our committee on units 
assigned the distinguished honor. The question is this—who is 
to propose these names for the units ? I think that we here, in 
the American Institute of Electrical Enoineees, occupying 
as we do a neutral ground, are really called upon to make that 
proposition, and our friends on the other side, upon careful con¬ 
sideration, will find that we, standing on neutral ground, could 
see with a much clearer view, with much less prejudice, that the 
names just tit the things to which we have applied them. I 
think that the suggestion of Mr. Bradley, if carried out, will 
cause considerable delay. It is not necessary for us to wait for 
the other engineering societies to express their sentiments in the 
matter. Let us propose the names and let them act in any way 
that they may please. 

Dr. Geyer :—Of those names proposed, two, “ gauss ” and 
“ weber ” are the names of men so pre-eminently great, that if 
proposed by what might be called a neutral, as we in America, 
m*e, I think the rest of the world will really be ready to lay aside 
its jealousies, and even if that were not quite the case, these 
men were so great in their line that it seems to me a matter of 
common justice that they should be somehow commemorated.^ 
We are all very grateful to the British Association for getting 
out a physical unit called the ohm, and we all appreciate the 
work th^ did in giving us the name of “volt” and “farad.” 
But the British Association merely adopted the work of Gauss 
and Weber, simply modifying the magnitude of some of the 
units. But the system was really that of Gauss and Weber, and 
I have very little doubt that if, in those times, magnetic units 
had been of as much importance as they are now. Gauss would 
have immediately received some recognition, had the measure¬ 
ments of the current played any great role in those days. Then 
it was essentially resistance and capacity and electromotive force 
that were important in the electrical measurements. Currents 
were not used of any appreciable magnitude, except, perhaps, in 
electroplating, and that is more or less an occult art. I mean to 
say, that if current had been used in those days in any consider¬ 
able magnitude, and Weber had not been at that time living. I 
should venture to say that he would at once have received rec¬ 
ognition. I do not mean at all to disparage the labors of Am¬ 
pere, but I should say that he was, at least, the equal of Ampere. 
Now, the name for the unit of current is adopted. You cannot 
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change that. But we might do the iie.\t best tiling, it seems to 
me, and give one of these great men, at least, a recognition in 
something that is analogons. The objection lias been made that 
the name “ weber ” is unavailable because it has been used in 
another connection. But that other connection is so different 
that no one knowing the simplest element of electricity and maj;- 
netism would ever run the least chance of confusion. ' 

_Me. F. S. Holmes: —At the meeting before the last, wlien 
this question was brought up to be acted upon, there were two 
questions in my mind that led me to hesitate; the first, as to the 
naagnitude of the units, and the second, as to the permanence of 
the names which we might apply to them. We certainly do not 
^Pplj the names of sevei-al scientists to certain units for 
an indennite period; for, it may be, one, ten, or fifteen years, 
and then have the name entirely changed, or the magnitude of 
the unit altered, and, therefore, a confusion arise at tliat time. I 
think we all of ns a,re in hearty sympathy with this committee 
in their effort to objectify, to bound, to term these units, so that 
they have a substance that we can describe and impart to others 
in short order. But I am very glad to say that the discussion, as 
it has gone on to-night, has led me to believe that possibly we in 
Anaenca may help to roll on this cause by applying these names 
tentatively, and may overcome some foreign jealousies and diffi¬ 
culties that would lead scientists abroad to object to having nearer 
neighbors name the units. ^ 

He. Hutchinson :-The point is just that-applying names 
tentatively when you do not know that they will be adopted, and 

the possibihty of others applying other names tentatively, which 
would, lead to confusion. 

Me. Kennellt Since somebody has to make a start in ob¬ 
taining n^es either m this country, or in England or in Ger¬ 
many or h ranee, and since various inchoate attempts have been 
made, as evidenced m the technical journals from time to time, to 

[Seconded]. 

moved and seconded, as you have 

An TT«’f “eptioned in the report of the Committee 

on Units and Standards be adopted provisionally by the Institute. 
Line motion was earned.] 

wilH^nT * 1 ^® pleasure in introducing to you Prof. 

H^vy Gases in the Chamber of an Incandescent Lamp. 

X rofw Anthony read the following paper. 



A ^a^er presented at the Eighty^fifth Meeting of 
the American Institute of Electrical Engin-^ 
eerSy New York^ President Houston in the 
Chair: aiid Chicago^ Manager Hibbard in the 
Chair. March 2fst, iSg 4 . 


ON THE EFFECT OF HEAVY GASES IN THE CHAM- 
BEE OF AN INCANDESCENT LAMP. 


BY PROF. WILLIAM A. ANTHONY. 


Since tlie issue of Edison’s incandescent lamp patent in 1880, 
it has been the generally accepted theory that the principal 
cause of the decay of the filament of an incandescent lamp 
other than oxidation, was the mechanical action of the small 
amount of gas remaining in the chamber, wearing away the lila- 
ment by the attrition due to the air currents, or as Edison called 
it “ air wasliing.” Electrical forces are also supposed to have 
some effect, carrying tlie carbon from the filament to the walls of 
the chamber. The perfection of the electric lamp upon this 
view was to be sought in the direction of a higher vacuum, and 
more firm and solid carbons with a smoother surface. Improve¬ 
ments in carbons have done mucli to improve tlie lamp. As car- 
. bons are now made—built up liy deposit from a hydro-carbon 
vapor—every interstice is tilled, and the surface becomes almost 
as smooth as, and has almost the appearance of, polished steel. 
Such a carbon withstands well the “air-washing” effect of the 
residual gases, and tlie life of the lamp at a given temperature 
is greatly increased. But as it is greater economy, up to a cer¬ 
tain point, to increase tlie temperature and save energy, than to 
keep the temperature down and save lamps, tempei*atures have 
been increased as carbons have been improved, and efficiencies 
have been raised until, in new lamps at least, a candle power is 
obtained from less than three watts, instead of four or more. 
But with these liigher efficiencies comes a new cause of deterior¬ 
ation not so apparent in the low temperature lamps, the black¬ 
ening of the bulb and consequent loss of transparency and de- 
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dine in candle power. When I see incandescent lamps liiing 
for use, I involuntarily find myself looking for blackened 
lamps, and it is no uncommon tiling to see tliose tliroiigli 
which objects look dim. Sometimes I see lamps so black that 
they would do for smoked glass in viewing an eclipse of tlie 
sun. I have taken down such lamps and measured tlieir 
candle power and efiScieney. Very often they nm as low as ten 
candles and six or seven watts per candle at their normal velt- 


age, and I have found lamps below six candles and ten watts per 
candle. The customer was still using these and had not “ kicked ” 
so far as I know, though he was sure he was not getting tlie 
light he did at the beginning. Generally he does not know wliat 
the matter is, thinks, perhaps, the company is pareimonious witli 
the electricity, ’ but hasn’t said much, “ because lie doesn’t 
want to be all the time making a row.” Of course, the illnmi- 
nating company cannot be expected to go around and limit np 
such lamps and change them; so, as long as the customer does 
not complain,^ but pays for his six or ten candles at tlie price of 
sixteen, the old blackened lamps remain on the circuit until they 
bum out. Since such lamps increase in resistance tliey take less 
and less current, and the older and more feeble tliey becoine, 
the more tenacious they are of life. It is no uncommon thing 
to hear of such lamps that have lived through six, eight, or teii 
thousand hours of active service, when, probably, not one of 
them was able to do its full duty, and should have been placed 
on the retired list, at three hundred houre. 


ilow the question arises, is there no way to preserve the illii- 
mina,ting power of the lamp throughout the life of the filament! 

urely a long-lived filament is of little value if it fails to give a 
reasonable light after two or three hundred hours. 

Loss of candle power might be avoided by lowering the tem¬ 
perature and with it. the initial efficiency of the lamp, but this is 
an improveinent in the wrong direction, although I am sure tlie 
customers, whether they pay for their electric energy by the meter 
or by the year per lamp, would be the gainers if they were fur¬ 
nished with lamps of lower initial efficiency, unless their lamps 
am changed oftener than is usually done. The present high 
efficiency l^p would do very well if there were any way to in¬ 
sure Its retirement from the service when its legitimate useful- 

gmng a high efficiency and a reasonable life, should die by tlie 
rupture of its filament while still doing its best work 
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About a year ago Mr. John Waring began experimenting upon 
the effects of heavy gases in the lamp chamber, using principally 
the vapor of bromine as obtained from the liquid bromine of 
commerce. It is not necessary to describe in detail the various 
experiments. The final result reached was that, when bromine 
vapor was present in the .chamber in proper quantity, the lamp, 
as compared with a vacuum lamp, could be run at a higher effi¬ 
ciency without blackening or increase of resistance, therefore 
without loss of candle power and with an increase in its useful 
life. These facts were abundantly demonstrated by numerous 
expeidments. Below are the results of some experiments that I 
myself recently performed. I had made a number of 50-volt 16- 
candle lamps. Half of these were exhausted in the usual way as 
vacuum lamps. The others were made into bromine lamps after 
the method employed in the Waring factory. The lamps were 
all “ volted,” then four of each were run for three and a half 
hours at 65 volts, and for one and a half hours at 70 volts pres¬ 
sures-—15 and 20 volts in excess of the normal. Two of the 
bromine lamps broke at the end of the run. The results are 
given in the following table: 

TABLE I. 


Lamps, New. 

After 5 Hours at 65 and 70 Volts. 



Volts. 

C. P, 

Current. 

C. P. 

Current. 



X 

49 

x6 

26 

9.4 

24 1 

Vacuum 1 
Lamps. 1 


2 

3 

49.6 

49 

16 

16 

26 

26 

10.3 

10,0 

24.6 

24.8 

m 

Bulbs all Blackened. 

4 

49.2 

16 

26 

9.8 

24.8 . 




5 

49 8 

16 

27 

Broken 

• • • ♦ I 

26.2 I 

27.2 I 

Bromine I 
Lamps ) 


6 

7 

48.8 

49 

16 

x6 

26.5 

27 

15-5 

Bulbs not Blackened. 

8 

50 

z6 

26.5 

Broken 

• ♦ • ^ 





Comparing the two kinds of lamps, it is seen that all the 
vacuum lamps had fallen more than one-third in candle power 
while the bromine lamps fell only five per cent. The current in 
the vacuum lan^s had also diminished, showing an increase in 
resistance of the filaments of over five per cent. 

Two others of the same lot of 50-volt lamps, one vacuum and 
one .bromine, were run for five minutes at 90 volts, at which 
pressure the light was of a dazzling whiteness. 

The results are given in Table II. 
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TABLE ir. 


Lamps, New. 

After Five Minutes at 
go Volts. 


Vacuum.. 
Bromine.. 

Volts. 

48.2 

St 

c. P. 

i6 

16 

Current. 

26 

27 

C. P. 

6.9 

12.9 

Current. 

25 

26.1 

Creatly Blackened. 
Not Black er.ed. 

— 


In this exjjeriment also, the vacuum lamp shows a very great 
loss in candle power as compared to tlie bromine. 

It may be said that these experiments were performed under 
abnoimal conditions. They were, to save time. But if tiie 
bromine will, when the filament is carried to sucli an abnormal 
incandescence, preserve to such a marked degree the illuminating 

power of the lamp, so much the more should it do so when tlie 
incandescence is noi’inal. 

_ But to remove any doubt as to tlie effect under normal condi¬ 
tions I have obtained from Mr. Waring tlie results of a life test 
in progress at the Waring factory, and with his permission I em¬ 
body them in this, paper. The results as furnished me give tbe 
mdmdual readings for eight vacuum and eight bromine lamiis 
aJJ identical in material and constraction up to tlie point of ex- 
haustmg the bulbs, when eight of the lamps were taken at random 
to be exhaiisted as vacuum lamps, and the remaining eight filled 
with bromine vapor in accordance with the regular jirocess pur¬ 
sued in the manufacture of the “ Novak ” lamp. 

As these lamps all had similar filaments, the bromine lamps 
would, if run at the same candle power, have been less efficient 
at the start than the vacuum lamps. The bromine lamps were 
therefore, “ volted ” for 28 c. p. and the vacuum lamps for 25 r’ 
p., and each lamp marked with its appropriate voltage. Tlie bro¬ 
mine lamps varied from 52.4 to 55.8 volts, and" the vacuum 
lamps from 50.5 to 52 volts. During the run the presriiro was 
.maintained for the bromine lamps at 54.15 ; for the vacuum lamps 
at 51.3. At approximately 200, 400, and 600 hours from the 
beginning, the candle power of each lamp was measured at its 
marked voltage. From the individual readings furnished me I 

have computed the mean values which are given in Table III 
on the next page. 
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TABLE III, 

LIFE TEST OF 8 VACUUM AND 8 BROMINE LAMPS. 



Mean of 8 Lamps 
at o Hours. 

Mean of 8 Lamps 
at 210 Hours. 

Mean of 7 Lamps ^ 
Remaining 
at 400 Hours. 

Mean of 6 Lamps • 
Remaining 
at 625 Hours. 

Vacuum.... 

Volts. 

51.35 

Amp. 

I. 6888 

C. P. 

25 

Volts. 

51.35 

Amp. 

1.739 

C, P. 
22.31 




Volts 

51.36 

Amp. 

X.698 

C. P. 
18.18 


8 Lamps 

7 Lamps Remaining 

5 Lamps Remaining 

3 Lamps Remaining 

Bromine.,.. 

S 4 .i <5 

1.768 

28 

54.36 

X.816 

28.26 

54.92 

1.792 

29 24 

55*37 

1.857 

29 


• One of the 6 vacuum lamps has a very bright spot on the filament, and can only last a few 
hours longer. 


The efficiencies in watts pei’ candle are as follows : 


TABLE IV. 



0 Hours, 

210 Hours. 

400 Hours, 

625 Hours. 

Vacuum ,. 

3 469 

3.99 

4.33 

4.8 

Bromine. 

3.421 

3 49 

3 41 

3.54 


What is the teaching of tliese results ‘i Of the liromine lamps 
one liad failed in less than 200 hours, two more in less than 400 
hours, and two more, or five in all, before the end of the test at 
625 Iiours, but the candle powers of the lamps still doing service 
were even higher than at the beginning. At 400 hours there 
had been no loss of efficiency. At 600 hours tlie efficiency had 
only fallen about 3 per cent., and even this was partly due to the 
fact that these three remaining lamps were, at the start, below 
the average efficiency. The vacuum lamps on the contrary had 
failed in candle-power nearly 20 per cent, at 400 hours, and ■ 27 
per cent, at 625 hours. In efficiency they had dropped from 
^47 at the start, to 4.83 at 400, and 4.8 at 625 hours. 

Although only one lamp had failed, those vacuum lamps ivere 
all jmwtieally dead at IfiO hottrsy and in comparing their useful 
life with that of the bromine lamps, they should be so considered. 
But in whatever way tlie comparison is made, tlie bromine lamps 
in tins test will appear as the better lamps, and yet up to the 
point of exhausting the chambers the bromine and vacuum lamps 
were precisely alike. 

These results do not accord with the generally accepted belief 
as to the effect of a gas in tlie lamp chamber. Again and again 
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I have been asked in reference to the claims for the “ Novak ” 
lamp:—“ it true that they maintain their candle power ?” and, 
second, with considerable skepticism thrown into it:—“ Well, how 
do you account for it ?” This means, that I must submit over¬ 
whelming proof of the alleged facts, or I must account for them. 

I do not object to this. It would be my own position in a simi¬ 
lar ease. 


I remember once, some years ago, an inventor of a new dy¬ 
namo asked me to come and see it and give him an opinion of it. 
When I reached his shop he, unfortunately, could not sliow it in 
operation, but he assured me that his dynamo was a most won¬ 
derful machine, several times as efficient as any other known. 
He told me that, running it by means of a little engine that 
could not by any possibility give more than two horse power, 
and which also ran his shop, he was able to mn thirty-two Edisoii 
16 c. p. lamps of the old eight-to-the-horse-power type, to full in¬ 
candescence. It seemed to me it must be a wonderful dynamo 
to develop four horse power from two, I asked him how he 
accounted for it. He could not explain it very clearly, at least 
1 could not get the force of his explanation, and, though I saw 
the engme, and the dynamo, and the lamps, I expect I came 
away somewhat skeptical as to the performance of tliat machine.. 

JN ow I hope to be able to convince you before you go away 
to-mght that the facts claimed for these bromine lamps are fully 

to 

accord with previous theories as to the action of gases in the 
lamp chamber. 


I may sa,y that the fact that there is less blackening in a lamp 
that contains some residual gas is no new discovery. It was 

noted irand^^ the history of the incandescent lamp. Edison 
noted It and made it the subject of a patent in 1883. .Beinard 

ft?’ f ® manufacturers of Swan lamps, 
had.forad that these carbon deposits which occur when a lamp 

thanlftW ^th the highest vacua 

than in those less perfectly exhausted.” * 

^ Other observations pointing in the same direction have been 
lade from time to time, although the true bearing of the ob- 
yrvations do not seem to have been recogni^ed.^ ProW 

^iT’hTs " detailing the re- 

sults of his hfe tests of various makes of incandescent lamps,* 

1. Meetricmn, London, vol. ix., p. 603. ~ ~ ^— 

Traksactions, vol. ix , p. 271. 
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states tliat he found the lamps e.'chausted by metallic pumps to 
blacken less than those e.'chausted by mercury pumps. 

1- " ' s s j^j^ests no explanation, but various j*efer- 

eiices to liis paper seem to take it for granted tliat tlie difference 
is due to the pi’esence of mercurial vapor in the lamps exhausted 
by mercury pumps, Mr. E. E. Cary, in a note On the Blacken¬ 
ing of Incandescent Lamps,-’ takes this view,^ 

I do not know of any foundation for the belief that inercury 
vapor causes the blackening, or helps to cause it. So far as \ 
know, no one has ever demonstrated that mercury vapor exists 
to any extent in the chamber of an incandescent lamp. It camwt 
exist at a pressure greater than about l-15,000th of an atmos¬ 
phere unless the temperature of the mercury is mucli above that 
of the pump room. 

Since the degree of vacuum possible by means of a mercury 
pump, is limited by the tension of the inercury vapor, and since, 
as long as any gas is being removed, the flow is from the lamps 
througli long narrow passages toward the pump, I do not see 
liow it is possible for vapor of inercury in any quantity to find 
its way liaek from the pump to the lamp. I believe, notwith¬ 
standing Ml*. Cary's statements in the article cited as to the 
degree of vacuum obtained by mechanical pumps, that the greater 
freedom from blackening in lamps exhausted by them, is due to 
the poorer vacuum, and that this is another case of blackening 
prevented by the presence of an inert gaseous atmosphere within 
the lamp chamlier. 

Now let us consider the question : Why should the presence of 
a gas lessen the lilackening of tlie lamp ? To answer this ques¬ 
tion we must first consi<ler the cause of the blackening. 

The coating consists wholly of carbon, no metal deposit ever 
being found except wlien tlie filament breaks near its junction 
with the leading-in wires, so forming an arc which vaporizes the 
metal, the vapor formed depositing upon the glass as a metallic 
coating. But as tliis coating is only formed at the moment of 
rupture of the filament, it has nothing to do with the true “age- 
coating” witli which we are dealing. 

The carbon coating is uniformly distributed within the bulb. 

^ The carbon forming tlie coating must come from the filament. 


1. Elec. Eiif/., vol. xiv., p. 118. 

3. See Age-coating in Incandescent Lamps. Prof. E. L. Kichols. An. 
Joar, of Science, xliv., 277. 
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Is it taken from it bj chemical action ? Is it worn off bv attri¬ 
tion by the residual gas ? Is it thrown off by electrical action 'i 

Is it thrown off as a vapor in consequence of the hieh temnera 
ture? S' t 

Explanations of the phenomena have been based upon all 
these different agencies. 

It has been supposed that the oxygen remaining in the cham¬ 
ber, combined with the carbon forming carbon monoxid or diox- 
id which was dissociated by contact with the cold glass, leaving 
the carbon as a deposit, while the oxygen returned to the lili^ 
ment to combine with more carbon, and so on until the hlament 
was destroyed. This, of course, cannot be, since the oxygen 
compounds of carbon are only dissociated at a very high te'nipe- 
rature, far above that at which they form, and, therefore, far 
above the temperature of the filament. 

. suggestion that the carbon is worn off the filament by 
air-washing and settles upon the walls of the chamber, never 
seemed to me to account for the continuity and uniformity of 
the coating, and in the light of the facts demonstrated by the 
experiments I have described to-night, the theoi-y of blackenino- 
by air-washing is untenable, since there is Ims blackening 
while there must be more air-washing in the In-omine lamps. 

The carbon must then be thrown off from the filament l)y tlie 
electrical action, or by the high temperature, or by botli com¬ 
bined. ^ In either case it is gaseous carhon, whicli will return to 
the solid form wherever it comes in contact with matter at a 
sufficiently low temperature to condense it. This it will surely 
do when it reaches the walls of the chamber, if not before. I 
repeat that, whether the high temperature or the difference of 
electrical potential is the cause of the separation of the carbon 
rom the filament; the carbon that leaves the filament is gaseous 
^rbon. I expect this statement will be questioned, and I, there- 
ore, state as fully as possible the considerations that lead to this 
conclusion. It is objected that carbon cannot be vaporized 
except at enormously high temperatures. Also, that in tlie 
amp the particles of carbon are projected in straiglit lines which 
shows the action to be a “Crookes tube effect)’ What is a 
Crookes tube effect? It is a radiation of the molecules of a 
highly ^attenuated gas from one of the electrodes of a vacuum 
tube, the exciting cause being a great difference of electrical po¬ 
tential. Possibly, as claimed by Schuster and others, these 
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gaseous molecules are sepai’ated by the electrical forces into still 
smaller elements, but wlietlier they are or not, Avill make no dif¬ 
ference witli the bearing of these phenomena upon the question 
under consideration. 

In an ordinary vacuum tube, the passage of the electric dis¬ 
charge produces a light extending from electrode to electrode 
wherever these may be placed. As the vacuum is improved, a 
dark space will appear around the negative electrode. Appar¬ 
ently the molecules are repelled so strongly that they are able to 
drive back tlie body of the gas to a certain distance, but the in¬ 
evitable collisions finally take up their rectilinear motion and 
convert it into tlie vil)ratory motion of luminosity. As the 
vacuum is still further improved, the dark space becomes wdder 
and widei', until it reaches the walls of the tube; the molecules, 
finding no insurmountable obstruction in their path, continue tlieir 
rectilinear motion until stopped by the walls, wliere the impact 
produces a phosphorescent liglit. An obstruction within tlie 
tube intercepts the molecules in whose path it falls, and casts a 
shadow upon the walls beyond, demonstrating the rectilinear 
motion. Tlie rectilinear motion can also be demonstrated in 
many otlier ways. Hut wliat does the rectilinear motion indi¬ 
cate ? Nothing, except tliat the molecules have been projected 
through a space from which all obstructions liave been carefully 
removed. I said all obstructions, but that is not quite true. 
There are still millions upon millions of molecules in the most 
perfect vacuum in our -power to make. The flying molecules 
projected from the negative electrode must make their path 
thi’ough these, and they can only do so when projected with 
considerable force. For the success of these experiments a great 
potential difference is necessary,—^a potential difference meas¬ 
ured by tens of thousands of volts,—much greater than is needed 
for producing the phenomena of the ordinary vacuum tubes. 

But, for the rectilinear motion and all tlie phenomena depen¬ 
dent upon it, we need only a sufficient propelling force, and a 
space suffi[(iiently free from obstructions. The pixipelling force 
need not be electrical, and the rectilinear motion is no suf¬ 
ficient evidence tliat electrical force was the exciting cause. 

In the old Edison lamps the filament was copper-plated to the 
platinum wires. When a break in the filament occurred near 
the junction, the arc vaporized the copper and covered.the bulb 
with a coating of metallic copper, except that a line of clean 
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glass was often left on the side o])posite the break, the line heiiu'- 
the shadow of the unbroken leg of the hlanient- This is de¬ 
scribed by Dr. J. A. Fleniingi, wlio says that he has never seen 
this shadow except in the cojjpei' deposit, that it is never seen in 
the deposit of carbon. To quote his words: “ Hence there must 
“ be some essential diiference lietween the vaporization of the 
“ carbon and that of the copper. The carbon deposit resembles 
“ more the condensation of a vapor and is uniformly distributed 
“ but the copperdepositexhibits the eliaracter of a molecular radia- 
“ tion or shower taking place from a certain jiuint.” He adds: 
“ The whole phenomenon calls at once to mind the Ireautiful re- 
“ searches of Mr. Crookes with vacuum tubes. Here, however 
“ we are dealing not with an indnction coil discharge, but with a 
“ comparatively low potential.” Let us analyze the"i>henomenon. 
The filament breaks at the copper junction, and an electric are 
is foimed, in which copper is vaporized with comparative ea.se. 
A huge volume of copper vapor is formed almost instantaneous¬ 
ly in a space almost devoid of other matter. The sinlden ex¬ 
pansion of that vapor is sufficient cause for the jirojection of the 
molecules in straight lines to the walls of the cliamher. It is 
not necessary to assume any refined electrical forces to account 
for the rectilinear patli. The plain old-fashioned, uniiretenious 
vapor “ tension ” that bursts our steam lioilers is all-sufficient to 
account for this rectilinear projection across the lani]) bulb, when 
there is nothing in the way. 

I might quote many references to show tliat tlie airlion de¬ 
posit never shows a shadow; and Mr. Proctor in the note 
already cited, states that a platimt/m. deposit formed under pre¬ 
cisely the same conditions as the copper deposit descrilied above 
never shows the shadow. This, no doubt, is due to the much 
lower tension of the platinum vapor produced at the tempeia- 
tnre of the electric ai’c. Tlie so-called Edison effect, which con¬ 
sists in a derived current through an outside circuit between one 
of the terminals of the lamp and an idle pole placed between 
the two legs of the filament, lias been held to demonstrate a 
rectilinear movement of the gaseous matter within the bulb 
W. H. Preece in a paper read before the Society of Telegraph 
En^eers and Electricians,® describes e.xperiments which he 
claims prove the rectilinear ch aracter of the motion, but either 

1. The EleotHcian, (London,) xl, Oy. ' ' ^ 

3. The Electridaii, (London), xiv,, 436. 
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there is some error in the publication of his experiments, or they 
do not bear out his conclusions. The paper records the details 
of a number of experiments. In Exp. 6, the idle pole was 
placed in a long tube attached to the lamp biilb opposite the fila¬ 
ment near the bend, and extending in a direct line from the fila¬ 
ment. At a very high incandescence a very feeble current was 
detected. 

In Exp. 7, the idle pole was in a tube sealed to the lamp 
bulb at the top, and then bent at a right angle so that the gase¬ 
ous molecules which carry the current would have to turn a right 
angle to reach the idle pole. The current developed was nearly 
the sanne as in Exp, 6, showing that the molecules may turn a 
right angle. This effect has been relied on more than any other, 
perhaps, as demonstrating that the carrying of the carbon from 
the filament to the walls is a “ Crookes tube effect,’’ but it only 
shows that an electric current fiows through the gas within the 
chamber. It does not show that the vehicle is carbon in vapor 
or in any other form. Indeed, the carrying of a current through 
a gas seems to be an electrolytic action, the molecules of the gas 
being separated into positive and negative ions, which convey the 
current exactly as in a liquid electrolyte. I cannot see that the 
fact that a current is carried from the positive to the negative 
heel of the filament, explains deposit of carbon. Even if it is 
carbon vapor that carries the current, the fact that no current is 
apparent except at high incandescence would indicate that at a 
lower incandescence there was too little vapor. But whether it 
is carbon vapor that carries the current or not, and whether the 
motion is in right lines or not, I do not see that this experiment 
has any bearing upon the formation of the carbon deposit on the 
walls of the chamber. As I have said before, I attach no signi¬ 
ficance whatever to a motion in right lines. There is nothing 
peculiar or mysterious about it. Newton’s first law says: ‘^Every 
body continues in its state of oi'motion in a straight line^ 
except in-so-far as it may be compelled by force to change that 
state.” All you want is a force to put your molecules in motion, 
and then keep every thing else out of the way and they will 
move in straight lines. All that the rectilinear motion demon¬ 
strates is the absence of interfering forces; it does not in any 
way indicate the character of the force that imparted the mo¬ 
tion. We must look farther in order to determine that. Prob¬ 
ably in the Orookes tubes the force that projects the molecules 
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is largely electrical repulsion, hut even licre it is open to ques¬ 
tion. We know that under suitable eonditions, the material of 
the electrode is volatilized and the vapor deposited on the walls 
of the chamber or other surface within it. Prof. Wright, some 
years ago,^ investigated the formation of these coatings and pro¬ 
duced in this way beautiful metallic mirrors. Prof. Crookes, in 
a paper read before the Royal Society, June 11, 1891,^ upon 
“Electrical Evaporation,” describes experiments to determine tlio 
increase in the amount of vapor formed under the influence of the 
electric discharge, as compared with that produced by heat alone 
at the same temperature. Water sliows a decided increase in 
evaporation when connected to the negaHoe pole of the coil, and 
metals vaporize at temperatures at wliich tliey would not under 
ordinary conditions vaporize at all. 

Prof. Wright, in a private letter to me, states that to ol)teain 


his metallic mirror deposits, it was necessary to use a small wire 
one-fourth of a millimetre or so in diameter for tlie electrode, in 
order to concentrate the electric action. Tins was frequently 
heated red hot. The best vacuum for the purpose was to 
of an atmosphere. With a liigher vacuum, the metallic 
vapor spread out and deposited all around on the vessel instead 


of being confined to the object to be covered. With tlie proper 
vacuum, and a coil capable of giving a spark of four or five centi¬ 
metres in length, the discharge near the electrode is dense vapor, 
which gives usually the characteristic metallic spectrum, and in 
this the surface to be coated must be placed. If placed too far 
from the electrode the deposit is sooty. In this experiment the 
electric energy vapoiizes the metal pai*tly by raising tlie temper¬ 
ature of the electrode, and partly by the direct action of electric 
forces. The vapor formed is hot enough, that is, the molecules 
separated have motion enough to give the light required for the 
characteristic spectrum. The tension of the vapor is sufficient 
to force back the gas, and almost exclude it from the space near 
the electrode, further away the vapor mixes with the cooler gas, 
the vapor molecules give up to the gaseous molecules some of 
their motion, and then coalesce into a metallic dust that gives a 
sooty deposit on a surface in that region. 

The case is exactly that of the vapor issuing from a tea-kettle 
under atmospheric pressur e. Tlie vapor forces back the air and 

1. .4m. Jour, of Sci., xiii, 49, and xiv, 169. ~ 

2 . The EUotricum {LonAon), xxvii., 197. 
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at a short distance from the spout is pure aqueous vapor. A 
little further away it mixes with the cool air and condenses into 
a cloud of liquid particles. 

But in all these cases where vaporization is aided by electrical 
forces, the results are obtained by the use of great differences of 
potential—thousands of volts; while in the incandescent lamp the 
difference is never much over one hundred volts. 

And, moreover, all incandescent lamps, whether made for 110, 
50, 30, or volts, blacken when run at an abnormal voltage. 
The blackening depends upon the temperature of the filament, 
and not upon the absolute potential difference in the lamp. 
Surely, if electrical forces played any part in the vaporization of 
tlie carbon, the effect should be greater in a 110 than in a 7^ or 
even a 50-volt lamp. 

Let us consider for a moment the other objection to the vapor¬ 
ization theory, that carbon cannot be vaporized except at an 
enormously high temperature. What proof is there that it can¬ 
not be ? The fact that carbon cannot be melted or even soft¬ 
ened at any temperature we can produce, has been adduced as 
proof that it cannot be vaporized. But there are many solids 
that can be vaporized, although they cannot be melted. 

Ammonium chloride is a notable example. Ice cannot be 
melted in a vacuum, although it will rapidly vaporize. Ice will 
also vaporize rapidly under full atmospheric pressure at a tem¬ 
perature below the melting point, if the vapor formed is kept 
out of the way by a current of air. 

Depretz, some fifty years ago,^ experimented upon carbon at 
high temperatures, first in a vacuum and then under pressure in 
an inert gas. In a vacuum the carbon was rapidly vaporized and 
deposited on the walls of the vessel, and broke before a temper¬ 
ature could be reached at which it showed signs of softening. 
Under a pressure of three atmospheres, however, in an atmos¬ 
phere of nitrogen, a much higher temperature was reached, and 
when the carbon rod broke it sometimes bent by its own weight 
in the form of a letter S, He was also able to weld together 
sticks of carbon by means of the electric current, probably one 
of the earliest instances of electric welding. 

It is a well known fact that in the electric arc, carbon exists in« 
the form of vapor. The vapor often condenses on the cooler 
negative carbon, producing a sort of mushroom growth. That 


1. OompieB Rendus^ xxviii. and xxix. 
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it is not in the form of a linelv divided solid in the are is evi¬ 
dent from the faint luminosity, and from the fact tliat the arc 
gives the carbon spectrnm. Carbon vapor is, as sliown by the 
spectrum, also found in the non-luminoiis base of a coal o-as 
flame, but the molecules soon begin to coalesce into carl)on dust 
'which, raised to incandescence, gives the luminosity to tlie flame. 
We cannot very much increase tlie luminosity of a gas flame bv 
raising its temperature by forced draft or liot blast, as the iii- 
creased temperature prevents the coudeusatioji into solid dust 
and may destroy the luminosity altogether. Dr. Nichols' has 
pointed out that the temperature of a gas flame is not far from 
that of the filament of a stable incandescent lamj), atid called 
attention to the bearing of this fact upon any attempts to im¬ 
prove the incandescent lamp by raising the temperature of tlie 
filament. 

I think the facts and considerations I liave l>rong]it to your 
notice, show not only that there is no reason for denying* the va¬ 
porization of the carbon tilanient, but that there is every reason 
for believing that such vaporization takes place, and whether 
that vaporization is aided to any material degree by tlie electri¬ 
cal forces or not, it is subject to the same laws as the vaporiza- 
tion of other substances. 

What is vaporization ? Modern theories of the constitution of 

matter assume that the molecules of all bodies are in a state of 

motion. In consequence of this motion, some of the molecules 

at tlie free surface of some liquids and solids fly beyond the 

sphere of molecular attraction that binds them in tlie liquid or 

solid form, and when once beyond that attraction they continue 

on in straight lines until turned from their course liy impact with 

other molecules or with the boundary of the space in which the 
body is. 

These free molecules constitute tlie vapor of the substance. 
Place a lump of iee_ under a bell-jar perfectly void of other 
matter. Molecules will leave its free surface and shoot across 
the space m straight lines to the walls, where they will rebound 
and on their return may collide with other molecules, or may o-o 
b^k and join their fellows in the solid lump. But the nuinber 
of molecules that escape, will exceed those that return until if 
the temperature be zero centigrade, the pressure of the vapor 
46 millimetres of mercury, at which pressure the returl 
1. Electric Club Pamphlets, Mo. 24.^ — 
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ing molecules will exactly make up for those that escape, and 
the ice will no longer lose. Suppose the bell-jar had contained air. 
It would make no difference to the fact of vaporization. If the 
ice is at such a temperature that the molecules escape at all, they 
will still escape when the air is present, but many of them^ will 
at once collide with air molecules and be turned back, and the 
lesult will be that theie will soon be so many vapor molecules in* 
the layer next the ice, that the returning molecules will nearly 
equal the escaping molecules, and evaporation will take place 
very slowly; but all the while some molecules of the ice vapor 
will find then way among the air molecules to greater and 
greater distances, and the perfect balance between the outgoing 
and returning molecules will not take place until, at the same 
temperature, the number of the free molecules is the same as 
before. Suppose in the first instance, when we had the vacuum 
to start with, the bell-jar was kept at a temperature of say — 5°, 
while the ice remained at 0°, some vapor molecules would coa¬ 
lesce to form frost on the inner surface of the bell-jar, and since 
the pressure of aqueous vapor at — 5° is only 3.1, while at 0® it 
is 4.6 mm. of mercury, there will be a constant flow of vapor to¬ 
ward the walls until the lump of ice is all gone. If under the 
same conditions, as to temperature, the bell-jar contains air, pre¬ 
cisely the same thing will take place, except much more slowly. 
If the air in the bell-jar be at — 5° the vapor molecules in their 
collisions with the air molecules will lose some of their motion, 
some of them will coalesce to form frost crystals in the air, and 
we might have a cloud or even a fall of snow. If our lump of 
ice were made the negative electrode of an induction coil the 
agitation of its molecules would no doubt be increased, more of 
its surface molecules might be driven off, and with greater veloc¬ 
ity, they might go in straight lines to much greater distances 
before being deflected, but it would in no way alter the general 
result. The presence of air would retard both the deposit of 
frost on the walls, and the waste of the lump of ice. 

The bearing of all this upon the action going on in the incan¬ 
descent lamp is obvious. At the high temperature of the carbon 
filament, carbon molecules do sometimes get beyond the reach of 
molecular attraction. These molecules will, when once they 
leave the filament, if there is nothing in their path, go straight 
to the walls of the chamber. Because of the lower tempera¬ 
ture of the walls, the molecules will lose something of their 
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motion by tlie impact, and, after successive collisions, will have 
lost so nmch that they will coalesce and form a coating of solid 
carbon on the walls. 


The condition here is precisely the same as that of tlie ice in 
vacuo. The free molecules of carbon constitute a true carbon 
vapor. Nothing that we know of carl>on warrants us in deny 
ing this, and all we do know favors the conelnsion. The maxi¬ 
mum tension of the vapor is extjxnuely low, e(|nivalent to sayimr 
the velocity of the molecules is small, hence the presence of a 
gas of low pressure is suflicient to cheek tlie motinii and cause 
the molecules to quickly accumulate at the maximum density 
near the carbon filament, when the molecules will return to it 
as rapidly as they escape. 

But in the lamp a new condition is met with, one that would 
be hardly appreciable in the bell-jar in our ice experiment. In 
consequence of the great difference of tempeiiiture between the 
filament and tlie walls, convection currents will be set up in any 
gas contained in the chamber. The layer of saturated vapor 
near the filament will be carried away by these currents of gas, 
leaving room for the formation of more vapor and further waste 
of the filament. But there is a great difference in gases as to the 
formation of convection currents and it is, therefore, not a matter 
of indifference what gas is used in the lamp chamber. It should 
be a gas in which convection currents are a minimum. 

G-ases of p-eat molecular weight, like bromine and iodine, pos¬ 
sess the desired qualities, and when used in proper quantity in 
the lamp chamber not only prevent the blackening but retard in 
some degree the waste of the filament. If we could in any way, 
by mechanical means or otherwise, still furtlier check the eii*cu- 
lation of the gas within the lamp chamber, we should still fur- 

thei check the waste of the filament and prolong the life of the 
lamp. 


I call your attention again to tlie results of the experiments 
with bromine lamps. Under all conditions of running at normal 
or abnormal temperatures tliey blacken less than high vacuum 
lamps, they also increase less in resistance, and, therefore, for 
both reasons their candle power is better maintained. I have 
shown that this is just what we should expect from all known 
laws of the formation and condensation of vapors. I have, per¬ 
haps, spent more time than was needful upon the question of the 
electrical agency in the formation and carrying of the vapor, but 
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there seemed to be such an air of mjstery surrounding the 
Crookes tube etteet/’ or electric carrying,” or passage in 
straight lines,” that I thought it wortli while to tiy and clear 
that up, so far, at any rate, as it relates to incandescent lamps. 
It all comes to this, that electi'ical vaporization—vaporization 
mainly produced l)y the direct action of electrical forces—is 
only observed in connection with great differences of potential, 
sufficient to give sparks several centimetres long in air. The 
rectilinear motion is only a consequence of the freedom from in¬ 
terference. In the incandescent lamp tlie potential differences are 
small, the temperature is liiglier than that of a gas flame where 
carbon vapor does exist. Why, then, should it not exist in the 
lamp, as a result of the higli temperature alone ? Eecognizing 
its formation there, and considering all the various conditions 
that exist in the lamp chamber, it is seen at once that the light 
and mobile gases iniglit, althougli they prevent the blackening of 
the walls of the chaml)er, increase the waste and shorten tlie life 
of the filament, and we are led at once to tlie selection of a 
heavy and viscous gas. With such a gas in the lamp, and a 
properly proportioned lilament, the initial efficiency may be 
carried as high as in the vacuum lamps and the efficiency and 
illuminating power will lie well preserved to the end. Since 
the resistance of the filament does not increase, it has not the 
advantage of working at a lower and lower temperature as is so 
often tlie case with the vacuum lamps, the strains due to sudden 
changes of temperature in extinguishing and relighting the lamps 
are greater because of the liigher temperature, and it is to be 
expected that the rupture of the filament will occur earlier in 
its life. But expeidence goes to show that the liromine lainji 
will outlast the ejfioient life of the vacuum lamp and give a 
more satisfactory, liecanse a more uniform, service. 
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DjSCUs?SION. 

Thk Peesident I will call on Prof. Robb, of Hartford to 
open the discussion. ’ 

Peof. "W^m. IjIspenard Eonn i—I think I voice tlie sentinieiit 
of the Injjitote in_ saying that we are indebted to Professor 
Anthony tor a very interesting paper on a most important sub¬ 
ject. 1 have been more and more impressed of late with the 
peat need of a lamp of constant eflicieney, rather than of a 
lamp or hipi mitral, but constantly decreasing, ediciency. All 
the work of manufacturers of late seems to have been flevoted 
to getting lamps of as high initial efiieiency as possible, and con¬ 
sequently we have lamps whose candle power decreases very 
appreciably from week to week, and month to montli. Row in 
a large room, that does not cause any very great difficulty be¬ 
cause after the service has been going on’for sometime there 
will be a continual renewal of lamps, and we shall soon get into 
a condition where we will have an average amount of "light in 
_ le room. Lut in the application of electricity to house "light¬ 
ing, where we have from one to four lamps in a room, it is a 
cause ot great annoyance to have lamps, which first give out 
Mxteen candle power, and at the end of six weeks or two 
months give twelve candle power. Professor Anthony seems 

this difficulty. I 

ber ''the lamps. I rimem- 
TllJ n ^ to me by the Hartford Electric 

Li^ht Company tor test, and finding that they required alioiit 

Suied fir Jr filaments which were manii- 

tW wJrf f -f^^fore sliutting down, 

iffimenS which had comparatively high 

lamps made under normal conditions, but they evidently 
coincide with what was expected from the tests which various 

’^™P "“del' forced conditions 

“'“'"[‘‘l™ to be »tt«l.ed to the tote 

candle I b>'own, the deterioration in 

J^‘“P different on a 

batterv Tlip”dArft ’®i"’ ‘X'dinary test on a 

oattery. ilie deterioration is caused to a great extent bv tlm 

meriT furnished by nearly all ‘corn- 

show tL^SSL testJ certainly 

usaJe*^ ^J'^antage ot bromine lamps in withstanding this hard 


blackenmcr Y theTiffi ^ 

carbon evaporation of the 

wasting forward to explain the 

the kmn ^"d the consequent blackening of 

the air-washing theory what we might call 

the Crookes effect theory, and the theory of simple ordinary 
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evaporation. Now it seems to me, if it is an air-washing phe¬ 
nomenon, dne^ to convection currents, this air-washing must be 
nearly proportional to the temperature of the tilament. If it is an 
electrical phenomenon, it must be approximately proportional to 
the voltage at which the lamp runs. Now what do we find ? The 
most complete tests that 1 am accpiainted with in regard to the 
efiiciency of electric lamps, are an exhaustive set which was 
made at Zurich by Professor II. F. Weber, to whom we are 
indebted for those extremely valuable tests of the efficiency of 
the Frankfort-Lauffen transmission plant. I selected at random 
a test of what he denominates the newest Edison lamp. The 
lamp was marked 16 candle power at 100 volts. He states that 
at loO volts and a fractidii, it gave 16 candle po^wer with an effi¬ 
ciency of 8.04 watts per candle power and that the filament was 
at a temperature of 1573° C. At 108 volts and a fraction, he 
gives the candle power as 25.8, the efficiency as 2.25 watts per 
candle power, and the temperature as 1610° C. We have 
there a difference in voltage of eight volts, and a difference in tem¬ 
perature of 87 degrees. Now it seems to me that a difference in 
temperature of 87 degrees in that part of the scale, that is from 
1573° to 1610°, would not produce any great difference in air- 
washing—anything like enough to account for the difference in 
the rate of blackening of the bulb of the lamp when run at those 
t^vo different efficiencies, at 3 watts per candle power and at 2^ 
watts per candle power. Nor could a difference of 8 volts, from 
100 to 108 volts, cause sufficient difference in any electrical 
phenomenon to cause the great difference in the rate of blacken¬ 
ing. But it seems to me that the rate of evaporation at those 
two different temperatures could be very different. If we con¬ 
sider the evaporation of ice, or what bears more fully on this 
subject than any other research I know of, one by Professors 
Pamsay and Young on rate of evaporation of camphor under 
different pressures and at different temperatures—we shall find 
that a very slight diffei'ence in the pressure, or a very slight dif¬ 
ference in the temperature, when you are at a certain point on the 
scale, can cause a vei'y great difference in the rate of evaporation. 
It seems to me, therefore, that of the three explanations, that is, 
air-M^asliing, the Crookes effect and evaporation, the theory of the 
wearing away of the carbon by evaporatioTi pure and simple is 
the one which is most in accordance with the experimental facts. 

The President Gentle men, before calling on the other 
members for I'ernarks, I would say that I have two communica¬ 
tions here, one from Professor Elihu Thomson and the other 
from Mr. Edward P. Thompson. Is it your wish to hear these 
before the rest of the discussion or subsequently ? 

Dr. Pupin and others:—Before. 

The President: —In the absence of the Secretary I will read 
them. This is from Professor Elihu Thompson. 

PiiOF. Exjhu Thomson :—The facts and reasoning put forward 
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ill Professor Aiitlioiiy's ])aper are the mon* interestiiii»* to me as 
liis conclusion as to the cause of h1ackeuini>* of hulbs or ‘" iwe 
coating,” agrees witli iny own view of the matter, a view M'liich 
I have had for several years, and which I Ivronght out last year 
ilia paper on tlie Life of lncandes(*ent i.amps in the Lej^qh 
QuwHerly University). It has been known for a loiio* 

time past that the very highest vacuum was n<»t so l>eneticial to 
the life of lamps as a more moderate exhaustion ; and Mr Edison 
patented the use of a residual chlorine atmospljeiv in about 1883. 
A residual bromine or iodine vapoi* would ap|)ear to l>e possibly 
better than chlorine, Init in the same line of woi’k, and owim^ to 
the close chemical relations of the three (dmnents, any 
tainable with one might be expected to be obtaine<l in a greater 
or less degree from the substitution of another, or i‘vcn the sub¬ 
stitution of two others together in the bulb. A mixed bromine 
and iodine vapor may give even better results, or a mixed chlo¬ 
rine and bromine or’iodine. After all, the merit of such admi.x- 
tiires, or even of tlu3 use of a diluent liki‘ bromine, may require 
some further experience to settle. It is a widl known faet that 
incandescmit lamps startiiig with a rather low vacuum often im¬ 
prove their vacuum autoniatically (luring tlie rim. Mv ojiinion 
as to the cause of this im|)rovement has long tieen, that the first 
beginning of the production of soot or si/paration of solid carlKUi 
at normal potentials, (aiuses, by the s^qairated earhon |)arti(rles, 
absorption of tlie residual gas so as t(» im|>rovi‘ tin* vacuium. 
Fine carbon has, as is known, a powerful gas absorl)ing ten¬ 
dency, and altliougli the amount fornuMl mav h(> so slighras to 
be totally irnpercejitible in the luilb, it may still be present in 
sufficient quantity to have the effect noted. 

The bearing^ of these tacts on the sustained hrilliancv of a 
lamp started with a lower va<mum is evident. If the mvy- 
enl he^ graduallif tadmi vp. the ,0rienry of Uqht prodvUwn 

will Ttse mid cornpensafe for the ehomu' in 'the 'tl/unfnrt e/.y the 
time goes hy. 

I agree with Professor Anthony, and my views wen* brought 
out in the paper above referred to, tluit the age (waiting is more 
eviuentlj due to simple vaporization of carlton, than to the many 
causes whicli liave been assumed for it. I quite nyi-t'o with him 
that the carbon leaving the filament is vaporous, Imt J think it 
must condense at once just outside the filament, and not ])ass out 
into the bulb as vapor in or<iinarj eases. ] have a rnmn- 

a^He&nt Imnp m my possession whicli was aciddentiv eoimeided 

lor a moTTiftiit i-n "1 <■%* /, «■*» r 1 ..4* I;.. .,...— .. * *, i* 


.«,uuu wuuiuuu wiru one exception. Wlule the 
bulb glass IS perfectly clean and clear, there exists a floccnlent 
mass of soot which is coherent and falls about within the Jamii. 
It is a comparatively large mass, and at first surroimdod tlie fila¬ 
ment as a delicate mantle, evidently formed bv a dense evolution 
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of carbon vapor condensing immediately around tlie carbon in 
the vacuous space. Plere the age coating (?) was too dense to 
reach the sides of the bulb. The lamp, however, is a signiticant 
example of the normal action of vaporization liighly intensilied. 
The filament retains its steely lustre. 

Contrary to the statement of the paper that no shadow on the 
bulb is ever formed, except from the metal vapor, 1 am confident 
that I have seen it in series lamps when the carbon broke, and in 
eases of as sudden evolution of carbon vapor as of the metal 
vapor from the supporting wires. In a good vacuum, the carbon 
vapor condensing would give particles which would move in 
rectilinear paths"” as the metallic vapors. The shadow effect^ is 
dependent on a local evolution of vapor, with a part of the wire 
or filament between the point of evolution (as the joint) and the 
opposite glass surface. It would not be expected where the 
evolution of carbon vapor is nearly uniform from all parts of 
the carbon filament as in the normal wear of the carbon. I am 
also confident that I have seen platinum shadows, where only 
platinum and no copper was present wdththe carbon. 

As bearing on the statement of the paper that the carrying of 
a current through a gas seems to be an electrolytic action, and 
confirming the same, I may say that I liave a lamp wdiich has 
copper terminals in the bulb, and wdiich shows attached to tlie 
copper wires, fine hair-like or leaf-like ])rojections, evidently pro¬ 
duced by current ])assing the vacuous space between tlie wires 
and cariying copper, the'development resembling lead and other 
metallic trees formed by electrolysis of solutions. Lamps have 
been known to sliort-circuit from this cause. 


I, at one time, experimented on arcs formed betw^een metal 
electrodes in a highly vacuous chamber, and found that it was 
easy to coat objects with metallic shining mirrors—silver giving 
a very bright coating. With a large current the effect is instan¬ 


taneous. 

The paper states that “ The fact that carbon cannot be melted, 
or even softened, at any temperature we can produce, has been 
adduced as proof that it cannot be vaporized.’’ This is not 
strictly a correct statement. Carbon can readily be softened and 
bent at temperatures approaching that of the positive crater of 
an arc lamp, as I liave proved conclusively. I have some bent 
sticks in my possession made from straight sticks of five-six¬ 
teenths carbon. 1'he carbon in the crater of a large arc is always 
soft and putty-like. As a matter of opinion, I think that carbon 
will readily melt when subjected to the highest incandescence 
surrounded by inert gas at very high pressure. I am not aware 
that the experiment has yet been tried under extreme conditions. 

I think no one now doubts that the arc stream, or flame be¬ 
tween the carbons of an arc lamp, is due to carbon vapor and 
not to carbon particles evolved from the crater surface. 

I am glad that Professor Anthony has put forward in such a 
clear and comprehensive manner, the arguments showing that 
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slow evaporation of solid carbon is the true cause of lamp bulb 
blackening. Plow often it is that complicated theories are fuit 
forward to account for simple facts, when at last it niay be found 
that such theories were never needed. Little lurther proof is 
needed to establish the fact that simple evaporation at the high 
temperature amply accounts for wear of carbon in incandescent 
lamps, and for crater emanation in ares. 

Mb. Edward P. Thompson The author has alluded to the 
question as to whether any injurious action takes ])lace between 
mercury and highly incandescent carbon. 1 made repeated and 
crucial experiments upon this subject, but have not lieretntore 
published an account of them. They may, perha|)s, lie a{)pi-oj)ri- 
ately considered as a part of this discussion. Professor Anthonv 

^.Q I T'/Ii I T\ A »» rt ^ ^ ^ -T Jb i 11 *1 


cury into a tamp a.,,^ me uioreiu v iw jiaii an nour, let- 
ting the excess of vapor pass out of the lamp. The boiling was 
ettected by burying the lamp bulb in sand which was lieated 
greatly above the boiling point of mercury. At first the 
air was crowded out, then a mixture of air and mercury, 
ana nnally, nothing but pure mercury vapor and boiling mer¬ 
cury remained in the bulb with the fiiament. The vaiior could 
be seen issuing at a distance from the outlet, and further still 
condensuig upon a cold surface. The filament was. therefore’ 
surrounded by an atmosphere of mercury. In such a state the 
current was passed through the filament, 'which did not burn iit) 
in the mercurial atmosphere, as it would have done in oxvo-en or 
many other substances which are combinalile with niereuiw 
mo^T 7 can ever be obtained for practical'lv 

fneSv V atmosphere was rich in 

1 ^ actually all mercury. The filament was at a 
white incandescence. The experiment was continued for Imlf 

different lamps twenty-five times. 

were sSed and the mercury was escaping, the lamps 

little tnbl1.v?i,d- mercury allowed to nin into a 

sealed off and *^^® that this tube could be 

the hu?h 1 m? liquid thus removed from 

ouIv^SL+^hX almost uniformly 

only about fifty hours, because the filaments were slmdv eoii- 

had ifff'Io Der?ee?r^ ®®']'i®«sation of the mercliry 

naa leit so_ perfect a vacuum as to th'e air, that a tracp nf tho 

cury vaporized and formed an attenuated atmosphere of mt™‘ 

Th.s reml. agrees with those of others made hXr dSo/s! 
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For example, it has been noticed by those who exhaust lamps, 
that it is not well to continue the exhaustion too long for the 
lamps do not last so long, and the reason is thought to be that 
when the vacuum is too complete, a point is reached where the 
mercury of the pump vaporizes and surrounds and destroys the 
filament. Mercury appears, therefore, as one of the heavy gases, 
which should not exist in an incandescent electric lamp. 

Me. John W. Howell; —In my discussion of Prof. Anthony’s 
paper, T will consider first the blackening of lamps, and then the 
effect of heavy gases in lamps. The theory which Prof. Anthony 
has set forth'in regard to the blackening of lamps by evap¬ 
oration, has been accepted as the proper explanation of one kind 
of blackening by lamp manufacturers. But all blackening is not 
caused by evaporation as 1 will show later. Carbon filaments can 
be softened very easily. If a little weight be fastened at the end 
of the loop of a filament and it be run at a pressure a little 
above its nonnal, it can be bent in any shape. The filament will 
be just as rigid in its new position as it was before. I have seen 
an incandescent filament in an upright position so softened by an 
e.xcessive current that it would not sustain its own weight; it 
wilted, so that the parallel legs crossed one another. When the 
current was turned off the carbon was perfectly rigid in its new 
position. The molecules of carbon set free by_ evaporation, fly 
from the filament as Prof. Anthony says, in straight lines They 
are projected from every part of tlie filament and do, contrary to 
Prof. Anthony's opinion ca.st shadows on the globes. The reason 
why they do not cast shadows in most lamps is that the filament 
is not ali in one plane, they are twisted somewhat, so there is no 
part of the glass that is slnelded by one leg from molecules pro¬ 
jected from the other. But if the two legs of the filament are 
'm the same plane it will make a shadow always. I have lamps 
here which show carbon shadows very distinctly. I have them 
both large and small; but I think the large ones are more easily 
seen than the small ones. That lamp [showing] has a complete 
shadow entirely around it; a complete line from which half 
the blackening is shielded. There is blackening in_ incandes¬ 
cent lamps wliich does not proceed from the filament in_rectilin¬ 
ear lines and which is not caused by evaporation. I will show 
a lamp which has very plain evidence of blackening in it, in 
such a position that it could not possibly have proceeded in 
straight lines from the filament, because there is a piece of glass 
inside the lamp, the underside of which is blackened, where it is 
completely shielded from the carbon. 

Here [showing] is a lamp which has a line which looks like 
the shadow of tlTe filament, but which passes around the lamp_ in 
a plane perpendicular to the plane of the filament. I would like 
to have some one account for it; I am sure that I cannot. 

Here [showing] is one that has several bands running around 
the lamp in this way. I would be very glad to have Prof. 
Anthony explain the blackening of this lamp. 
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This [showing*] is an incaiuleKScent platiimni —it shows a 
well dehned shadow caused bj evaporation. 

Blackening is not the chief cause of the fall of (‘audio i>ower 
in lamps; some lamps lose their candle power and show very 
little blackening, while other lamps get <|nite black and loselittfi* 
candle power: 115 volt lamps will lose tlieir (.*andle |)ower and 
blacken very little indeed. This loss is due to (diaiiges in the 
structure of the filament, or in its surface, which rednct* the can¬ 
dle power considerably with very little Idackening. The Hla¬ 
ments of low volt lamps are much more stabh‘ than tlu‘ 11 laments 
of high volt lamps; low volt lam|>s often show considiM-able 
blackening with very little loss (rf candle })(»W(^r. 

The effect of gases in lamps is well known, and is ch‘arly 
stated in patents of Edison and Scribner, (iases hav<‘ not been 
used commercially in lamps, because the ivsnlts (d’ (‘xperiments 



Fig. 1. Vacuum Lamps (62 c. v . 52 volts.) "i’cHtcd at Lynn. 

have shown, to the satisfaction of the peoj)le wlio made them, 
that the total effect of a gas in a lamp was (lisadv^antageous. In 
the exhaustion of lamps, gases are very often left in' the bulb, 
and the amount of gas in tlie bulb has a very irvmit (df(*ct on tlie 
candle power curve of the lamp. A lamp which is ijcrfectly 
exhausted should give a candle power curve which is a stniigfit 
line. The angle between this line and the datum lirn? indicates 
the quality of the filament. If a lamp is not perfe<dJy o.xbauste<l 
this will not be a straight line. The effect of the residual n’ases 
ill the lamp is to change the cliaracter of tlio candJe power (aii*v’’e 
of the lamp. The vacuum will improve as (“ho lanij) is burned. 
The cooling effect of the gas will dimmish and tlu^ candle? power 
xvill lise, and then go off in a straight line. The amount of tliis 
rise of candle power will depend on the amount of gas in the 
globe. A rise of 30 per cent, in candle power can l>e produced 
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ill this way. If too much residual gas be left in a lamp, the^ op¬ 
posite effect will be produced, the candle power will fall at first, 
then rise a little, and finally start off in a straight line. These 
effects are produced by the” residual gases which are left in the 
lamp in its normal e.vhaustion, not by other gases, such as bro¬ 
mine. The lamps from which Professor Anthony makes his 
tables are r)4-volt lamps of 25 and 28 caudle power. Those are 
the very best type of lamps which can be made. A 54-volt 
lamp is as gooii a Lamp as can be made, much better than a similar 
high volt lamp. A 32 candle power or a 28 candle power lamp is 
better than a lower or higher candle power lamp. In manufactur¬ 
ing lam])s there are reasons why you would expect better results 
from a 50-volt 32 candle power lamp than almost any other kind 
of lamps. In the bromine lamps and vacuum lamps which 
Professor Anthony compares there are two differences. One has 



an atmospliere of liromine, and the other is a vacuum lamp. 
There is also another difference, which is not stated m the paper, 
and which I infer from the knowledge of the Waring process, 
which was brought out in the late litigation between the Warmg 
company and the Edison company. This difference is due to 
the fact that the bromine lamps are exhausted without current. 
The occluded gases which are driven out m ordinary conditions 
of exhaustion are allowed to remain in those lamps. These bi^ 
mine lamps are exhausted cold. The bromine is passed toough 
them a couple of times and then they are sea.led off. ihe re¬ 
sidual gases which are left in these lamps produce the variable 
effects I have referred to, so that in the comparison between the 
bromine lamps and the vacuum lamps as he made it, there are 
two differences and not one. We have two experiments carried 
on at the same time, and all the effects credited to one of them. 
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Tliese bromine lamps which Professor Anthony tested whid, 
ran for doO liours and maintained their camlli pm^r woolt 
have been excellent lamps if they had not brolj, To .pSlv 
rheir breakage is very normal. But the vacunm lann.s 1 e Join' 
pares with tnem are poor lamps. The com]>arison is noi Se 
between the best vacuum lamp and the best bromine lamp ‘ 

I have a curve [Fig. 1] showing the results of a tesTmade on 
pod vacuum lamps of 52 volts and 32 candle iiower tIic his 

Sed betTe X T1^ eon.soiidati;; oe: 

ciiriea between the Thomson..Houston and th (3 Edison eonimmao 

here were two lamp factories in operation, one at Ilarrison' and 
two ? Iho inetlnals i ;,L at 1 e 

orer ptSr t'T ’'S 1"^' 

tested t mni In * sent us lamps and we 

tested them in comparison with our lamps, and we sent them 

ps which they tested in comparison with their lamps. We 



Fia. S. Kovak Lamps.' 

who were somewhat opposed to us amlV}T^^ at people 

P^Sand'r rpfcfm;STo&,a°^[5S^ ^ 

18 lamps which were run for i nrw. i ^ 

The candle poweTirnlot J fn Y ^""“P ‘^''oke. 

power. The candle pLer at tfe e'nfofToO hours wf'* 

per cent., and at the end of 1,000 hours it was^still abow^ufn 
cent. No lamp there had fallen as low nT • 

and at the endW 1,000 hours no laZ hai brE 

very remarkable resnlf I I broken. This is a 

high volt lamps. Tkceo Inmps Irgoh^mpT of w”™lt[‘'°<iO 
candle power and will bear LmpariC Shf taprStich 







1894.] 


DISCUSSION IN JSEW YORK. 


159 


Prof. Anthony shows as good bromine lamps. But the vacuum 
lamps he tested were not good lamps. 

The efficiency of these lamps is shown on these lower lines. 
They are practically stiaiglit lines. They started at 3 watts per 
candle and at the end of the test they were still 3 watts per can¬ 
dle. These are ideal lamps, according to Prof. Anthony, in all 
but one respect—they did not break. But why does the author 
make short life one of the chaiaeteristics of his ideal lamp ? 

These tests wdiich Prof. Anthony quotes would not satisfy me 
if I were having tests made in a factory. He took lamps which 
varied thiee or four per cent, in voltage and tested them at an 
average voltage. In making lamp tests every lamp should be 
set up at its own proper voltage. Thei*e should l)e no averaging 
of voltages ; some of those lamps were burned at a higher pres¬ 
sure than their normal rating and some at a lower pressure. 
You will find that those burned at the higher voltnge than their 
rating broke, and those burned at a lower voltage lasted, and of 
the lamps which at the end were 29 candle power there was one 
rated originally 55.8 volts which was burned at 54.15 volts. 
That lamp was not burned at 29 candles at all; it was burned at 
23. When they tested for candle power they raised this lamp 
to 29 candles. I would not be satisfied with that kind of testing. 
I admire one thing about this test. The pressure was held con¬ 
stant to 1-100 of a volt which is extremely accurate work, and 
not in keeping with tlie rest of the work done. 

I have been speaking of 115*volt lamps and 55-volt lamps. I 
have made tests of a great many Novak lamps. During the late 
unpleasantness between the Waring Electric Company and the 
General Electric Company we bought a great many lamps direct¬ 
ly from the factory of the Waring Electric Company. 1 had 
them tested in the factory under my supervision, but J did not 
test any 60-volt lamps. We generally test 115-voIt lamps or 
thereabouts; it is the most usual type of lamp sold. It is also a hard 
lamp to make. I have brought with me results of some tests on 
Novak 115-volt lamps and you will find they are very different 
from curves on 50-volt lamps. 

There [Fig. 2] are cui-ves of 19 Novak lamps of 16 candle 
power 115 volts. They were tested at 3^ watts per candle. The 
candle power I represent here in percentages. They start at a 
candle power which is designated by 100 per cent; they do not hold 
constant at all. They drop right down. They also break very 
rapidly. The breakage is marked on the curves. At 500 hours 
they were half gone. It took those lamps just 250 hours to arrive 
at the candle power at which Prof. Anthony to-night describes 
lamps as practically dead. Referring to his vacuum lamps, he 
states that at the end of 400 hours they are practically dead. At 
that time they had reached 80 per cent, of their original candle pow¬ 
er. These lamps reached that point at 250 hours and they are bro¬ 
mine lamps. I do not consider them dead, however, i do not 



160 


ANTEDON THE INCANDESCENT LAMP. [Mar. 21, 


affrG6 with him at all that a lamp which has lost 20 per cent is dead, 
i think he is entirely wrong in saying that a 25 candle power lamp 
which has fallen to 20 candle power is practically dead. 

In tests which 1 have made on bromine lamps I found quite a 
variation in the early part of the curves. I mean the curves 
which I sketched on the blackboard as the curves due to residual 
gases. It is natural to expect a variation in that curve because 
the residual gas is left in it and in combination with other gases 
it causes rather erratic movements. Figure 3 shows the per¬ 
formances of two individual lamps. These lamps belong to a lot 
which I set up for test which when averaged up made an average 
uniform curve. The two lamps started together. Their candle 
power is represented by 100 per cent. At the end of 35 hours one 
lamp had gained 28 per cent, in candle power and the other lamp 
had lost 20i per cent. At the end of 35 hours two lamps wdiicli 
started together differed 48 per cent, in candle power. The 
lamp which rose 38 per cent, then fell oft*, and tlie lamp which 
fell 20 per cent, rose again, according to the theory which 1 have 
expounded. 

Eromine gas in a lamp undoubtedly is an advantage in pre¬ 
venting blackening. In the lamps that I tested there was very 
little blackening. But I do not agree at all with Prof. Anthony^ 
that it also prevents the wasting away, or change in resistance of 
the carbon. At least it does not on 115-volt lamps. These 
115-volt Novak lamps increase in resistance very materially— 
they increase in resistance more rapidly than good vacuum lamps. 
I do not know of any other advantage which a bromine gas or 
any other gas has in’ a lamp, except preventing blackening. It 
does not prevent the fall in candle power. It does, however, 
have some disadvantages. A gas in a lamp conducts heat, and 
you have got to run the lamp at a higher candle power in order 
to get its original efficiency. That necessarily shortens tlie life 
of the lamp, as is abundantly shown by the experience of the 
lamp up to date. It does not prevent the disintegration of the 
filament. The resistance increases very materially, and the candle 
power drops fully as rapidly as it does in a good vacuum lamp. 
It is my opinion, and I believe that all the facts which are known 
and which are before the public to-day in regard to the bromine 
lamp confirm that opinion. Indeed, I state it as a fact that the 
weight of evidence is in favor of the conclusion that the disad¬ 
vantages of the bromine vapor are greater than its advantages. 

I am sorry that the author came here with such meager data. 
I think he should have come here better prepared. He should 
have had curves which he made himself, not on a few lamps, but 
on a good many lamps of a good many varieties, and especially 
he should have presented teks on 115-volt lamps, because those 
lamps are far more generally used than others. It is the test of 
the lamp-maker’s skill to make a good 115-volt 16 candle power 
lamp. If any man comes to me and says “ I can make an im- 
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provement in lamps,” 1 ^srould say, Make me lamps of 115 volts 
and 16 candle power.” If any process, bromine or other, can 
produce 115-volt 16 candle power lamps which will show a good 
candle power curve, I will be the first man in the room to 
acknowledge the great advantage in the process. 

Mr. Hammer :—I wish to make just a remark upon one point 
which Mr. Howell and Professor EJihu Thompson have already 
dwelt on. ^ Sometime ago I made an examination of over 60*0 
lamps, which had been made at various periods during the last 
18 or 14 years. I have here a list of 12 of the different makers' 
lamps, representing 50 in all. Every one of these shows the 
phantom shadow.” I think it is unquestionably a fact that 
every lamp in which there is this blackening will show a phan¬ 
tom shadow, provided the carbons are in alignment, notwith¬ 
standing the statement in the paper. I have here a number of 
photographs of some of these “ phantom shadow^s.” Some of 
these photographs have been made of lamps in which the 
phantom shadow ” is scarcely visible to the naked eye, but 
photography has brought it out* distinctly. ^ 

There is another matter I am requested to mention that has no 
connection with this subject, but it is a very important one. To¬ 
night there is a meeting of western members being held in the 
city of Chicago, the first which has been organized under the 
plan adopted in November. The meeting has probably just 
been called to order. The paper which has been presented here to¬ 
night is being read and discussed there. Through the courtesy of 
the American Telephone and Telegraph Company, the Metropol¬ 
itan Telephone and Telegraph Company, and the Chicago Tele¬ 
phone Company, the long distance telephone line between New 
York and Chicago, a thousand miles in length, has been placed 
at the disposal of the American Institute of Electrical En¬ 
gineers, thus bringing the two meetings, although a thousand 
miles apart, into close communion. 

The ^President is requested to step to the telephone and shake 
hands, metaphorically speaking, with the Chicago members. 
It is only fair in this connection to remember also that the Met¬ 
ropolitan Telephone and Telegraph Company, has for some time 
past, placed at the disposal of the American Institute of Elec¬ 
trical Engineers a telephone exchange connection without 
charge. This is spoken of as I think it is a courtesy that the 
members should be aware of. Many of them do not Snow that 
they can avail themselves of it in calling up the Secretary. 

JBr. Hutchinson : — I move that the President be requested to 
extend the congratulations of this meeting to the Chicago meet¬ 
ing. [The motion was carried.] 

The President : — Is it your wish that I should call a Vice- 
President or some one to the chair so that the discussion should 
go on while I extend the congratulations of New York to 
Chicago? 
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Mr. Hammer :—I think that is an excellent suggestion. 

The President :—Will Mr. Kennelly take the chair for a 
moment? 

[Vice-President Kennelly took the chair.] 

Mr. S. E. Doane: —At the time of the consolidation of the 
Thomson and Edison interests, Mr. Howell and I were very 
much gratitied to find that we so well agreed in our deductions 
from tests made independently. My part of the discussion to¬ 
night will be to confirm, with all the weight that my confirma¬ 
tion can give, what Mr. Howell has said. We made these 52- 
volt 32 candle power curves. I brought them to Harrison from 
Lynn a few months ago. All makes of 52-volt .32 candle power 
lamps do not behave like these. The lamps were excellent lamps. 
Previous to the appearance of Novak lamps, the Thomson-Hous- 
ton company tested independently for their own information, 
various gases in the bulbs of incandescent lamps. Chlorine, I 
think, was the heaviest gas we used. These lamps behaved very 
much like ordinary lamps exhausted to various degrees. The 
candle powers rose, as Mr. Howell has shown, and then fell 
again. In other words, the effect was exactly as if in making 
initial measurements you had placed a resistance in series with 
the lamp, and had measured the voltage around both lamp and 
resistance, taking other, measurements, candle power, etc., as if 
the resistance was not there, and then had made your future 
measurements, and had run your lamps with the resistance re- 
^ moved. 

The candle power of the lamp ought not to rise extremely 
and it ought not to fall extremely. The ideal lamp, as Professor 
Anthony has told us to-night, is a lamp in which the candle 
power is maintained practically constant. If the candle power 
be allowed to rise, it should not get beyond the point at which 
the carbon is stable. In the case of the 52-volt 32 candle power 
lamps, in this test it did not. With this in mind there may be 
no objection to allowing a vacuum slightly inferior to that wnich 
it is possible to obtain. 

Concerning the blackening of incandescent lamps, it has long 
been a theory of the Thomson-Hoaston factory, and I think of 
most manufacturers, that ^his is due entirely to evaporation. 
Not knowing Prof. Thomson was going to discuss this paper I 
brought down an abstract from the article he refers to, in which 
he says:—“ The writer has long been convinced that in a well 
exhausted lamp it is due almost entirely to evaporation by high 
temperature. Just as ice near its melting point and even'far be- 
low that, evaporates in vacua and even in dry air, so carbon, 
practically fixed at low temperatures, acquires in vacua a certain 
volatility at an increasing rate with the temperature.” 
Concerning the blackening of the lamp, as being the distillation 
of carbon, it is of course known that with filaments partially car¬ 
bonized, the lamp bulb will blacken because of gas thrown off by 
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completing the carbonization. But it is a fact, appreciated I 
think by lamp manufacturers, that the deposit made by hydro car¬ 
bon has practically constant physical characteristics. Its specific 
resistance is practically a constant, and this being true, demon¬ 
strates that there is a chance for improvement on the distillation 
theory. The theory concerning the volatility of carbon seems 
about the only theory at present that satisfactorily accounts for 
the blackening of incandescent lamps. 

This morning in looking over a lot o£ Novak lamp's that had 
not been opened from the original package from the time they 
left the Novak factory, we selected and lighted a number of lamps 
and I give you as an indicative sign of those tested, the result on 
one only. It was a 110-volt 16 c. p. lamp and was run on a forced 
test, at 140 volts which was about equivalent in per cent, increase 
in voltage to the f)5-volt tests shown by Prof. Anthony this evening. 
At the start this lamp took .757 amperes. After running fi ve min¬ 
utes it increased to .709, The candle power increased in this time 
from 59 to 71. This was a forced test. The cause of this was not 
the change in the resistance of the filament. It was not due to a 
depositing action, for the resistance increased a little. The change 
was simply due to the improvement in the vacuum which we 
noticed from time to time by tests on an induction coil. 

Had we continued this test, we would have found that after a 
while this lamp fell in candles and it would, had it lasted long 
enough, have again reached its first candle powder. Had we 
made only the first and last measurements, we could have said 
the candle power had been maintained constant throughout the 
run, while really it had fallen at least 17 per cent. It was the 
same in effect as if we had treated a 71 o. p. lamp as I instanced, 
that is, as if we had made the initial test with a resistance in¬ 
cluded in the wires. Of all lamps in which the candles rise at first, 
the rise occurs sosoon that for comparison with others they may be 
considered to have started at the candle power and time’when the 
candle power attains its maximum. It is highly important, there¬ 
fore. that we sliould have frequent measurements during the early 
life of a lamp that we may be able to interpret ]>roperly the ob¬ 
served facts of its later existence. 

The figures shown us by Prof. Anthony are open to serious 
criticism for this reason, as well as for other reasons mentioned. 
We do not know, according to the above, the candle power these 
lamps really were. The results shown, are average results of 
quite different lamps and the maxima candles probably varied 
even more than the initials, which still further qualifies the fig¬ 
ures presented. 

Mr. Theo. J. . Olan :—I should like to call your attention 
to some facts, one of which is that dioxid of carbon in connec¬ 
tion with carbon at white heat will take up one equivalent of 
carbon and be transformed into monoxid of carbon. Another 
fact is that if we lead oxide of carbon through a tube that is 
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lieated to a yellowish white, there will appear as a result in a 
portion of the tube a carbon deposit and dioxid carbon mixed 
with carbon dust will pass out of the tube. I see that this can 
account very reasonably for this phenomenon of the blackening* 
of the globe, just as well as all the other theories that have been 
advanced to-night. If we suppose that we have at the beginning 
pure oxygen together with carbon in the globe, dioxid of car¬ 
bon would first be formed. This dioxid of carbon would, how¬ 
ever, in its turn, combine with more carbon, and the result 
would be monoxid of carbon alone. But at a limited distance 
from the filament we have that heat which may be said to corres¬ 
pond to the yellowish white hot tube. At that temperature this 
monoxid of carbon would be transformed into carbon and diox¬ 
id of carbon. That carbon deposits on the globe and the diox¬ 
id of carbon attacks the filament again. I do. not think we can 
accept such a theory as that the carbon filament should consist of 
hydrocarbons which was said in the revelation we heard to-night, 
simply because that seems to stand in opposition to all previous 
experience. I have made many tests myself, and I have read the 
results of other experiments also, and from those I conclude that 
it is not at all difiienlt to completely decompose by heat a heavy 
hydrocarbon. If we exclude the air we will have as a last result 
from such decomposition a substance that can be called pure car¬ 
bon. One cannot at least discover any lessening in weight by 
heating it more and more. That tends to prove that it cannot 
very well be a series of hydrocarbon that remains in the filament 
when the lamp is ready. But in accordance with what I have 
before mentioned we can easily account for several of the other 
phenomena that have been spoken of here to-night. We heard, 
for instance, that where a bulb is filled with bromine gas, there 
will be no blackening of the glass. Why ? Because bromine is 
one of those few elements that will not directly combine with 
carbon at any heat or as far as known under any circumstances. 
Should it not therefore be possible to conclude just from this, 
that the chemical action has something more to do with the 
blackening of the globe than has been suggested to-night ? I 
think so. I will not say that the other suggestions cannot have 
any bearing on the matter. Still I think that the chemical reac¬ 
tion is to be considered in the first place. Now, it is a fact, that 
in the lanaps we have generally oxygen, also nitrogen; we have 
finally^ a little hydrogen originating from moisture. I would not 
say it is a fact known by everybody, but at least it is stated in 
the handbook of chemistry written by authorities, that nitrogen 
at a very high temperature will combine with carbon just as well 
as oxygen and we have therefore in that fact another possible 
cause for the blackening of the globes as a result of chemical re¬ 
action. Even hydrogen, under influence of the electric current 
can with carbon directly form a hydrocarbon. I think that it is 
too early to make a conclusion with reference to any one of these 
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many suggestions we have had, until we have paid thorough at¬ 
tention to them all, and I cannot find that in the theories ad¬ 
vanced to-night by various gentlemen there was anything at all 
conclusive. 

Mr. E. a. Colby : — Mr. Howell in his remarks a few moments 
ago, said that he thought there was no question but that bromine 
gas reduced the blackening or deposition of carbon upon the 
bulb, but that he knew of no other use that could be made of 
this gas. I found some eleven years ago when making lamps 
of 125 candle power—which were lamps of relatively liigh po¬ 
tential—125 volts, that there were serious troubles, in the con¬ 
struction of such lamps due to short-circuiting, and the only way 
in which we could overcome that difficulty was either to not ex¬ 
haust the lamp to the same extent that we ordinarily did a low 
candle power lamp, or else having exhausted the air, to leave 
within the lamp bulb some inert gas. This was in Mr. Weston’s 
laboratory in Newark, New Jersey. We tried at that time a 
great many different gases, amongst others, bromine and several 
of the chlorine compounds. We finally concluded, as a result 
of a long series of experiments, that the most suitable vapor to 
use in this connection was that of chloroform. Chloroform be¬ 
ing somewhat rich in carbon, would, of course, upon entering 
the bulb (the filament being at the temperature of incandescence) 
be decomposed, and carbon would be deposited on the filament, 
whilst the nascent chlorine would combine with any mercurial 
vapor which might be present in the bulb. As a matter of fact 
we obtained wdthin the bulb quite a heavy deposit, white in color, 
and resembling in all its physical characteristics, mercuric chlo¬ 
ride. This deposit was so heavy that the filament itself 
was at times concealed from view very much as it is in an opales¬ 
cent globe. To remove this deposit we applied a Bunsen burner 
in the ordinary way, and immediately the deposit was vaporized 
and the bulb was left clear. But the important point in this 
connection was this, that the difficulties which we had experi¬ 
enced previous to this treatment, viz., short-circuiting, had en¬ 
tirely disappeared, and whatever blackening we had been troubled 
with was diminished. It was a matter of some experiment to 
determine what proportion of vapor it was expedient to leave 
within the bulb, and one simple method which I adopted at that 
time suggested certain lines of research which I have been un¬ 
able to follow, and which I would like to mention here in the 
hope that some of you who are still in the incandescent lamp 
field can take it up. I had felt certain that there were two 
causes, as we all know, for the diminution in the candle power 
of the lamp. The first was the vaporization of the carbon, and 
its subsequent deposition upon the bulb reducing the transpar¬ 
ency of the same, and the second was the change in the condi¬ 
tion of the carbon filament itself. The vaporization, of course, 
is a function of the temperature to which the filament is sub- 
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jected, and is to a very much less extent dependent upon the 
difference of potential between the terminals. However, work¬ 
ing at higher potentials this difficulty increases. The other de¬ 
fect was due, as I said a moment ago, to the change in the struc¬ 
ture of tlie carbon itself. Apparently a deposit of carbon was 
formed upon one leg of the filament, which carbon was sepa¬ 
rated from the opposite leg. I was interested in ascertaining 
whether 1 could prevent this deposit, and so maintain the normal 
appearance of the filament by the interposition of a shield be¬ 
tween the two legs of the carbon. I supported a glass plate 
between the two legs of the carbon filament, and suspended the 
lamp vertically, the loop hanging down, and noted the deposition 



Fio. 4,—Mr. Colby’s Experiment. 

of carbon upon this shield between the two legs of the filament. 
This, of course, would be expected. But a curious feature 
of it was this, that the deposit was principally on one side, 
and that the depth of deposit over this glass shield increased 
from the top of the shield down towards the bottom, that is, 
the loop of the lamp being in this form (a Pig. 4) and the shield 
being down here (5 g\ the depth of the deposit was heaviest at 
the bottom instead of heaviest at the top where the greatest dif¬ 
ference of potential existed. Fig. 4 represents the general out¬ 
line of the lamp. It was known at that time as the Mogul lamp. 
A number of them were placed in the Equitable Building, 120 
Broadway, in 1883 and 1884, and attracted considerable atten¬ 
tion at that time on account of the large candle power of the 
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lamps. They were made up to 600 caudle power. The diffi¬ 
culty we had in the first construction of these lamps, was due to 
a discharge directly across from stub to stub. I then put here a 
glass plate (h o), which was supported on a neutral wire at that 
point, to increase the distance between the terminals and prevent 
any direct path between the two. The deposit that was formed 
upon that plate I will illusti-ate by a line like that (5 d Fig. 4,) 
showing increase in thickness at the lower edge of the glass 
plate. Both legs of this filament under these conditions with 
the interposed shield, remained perfecBy clear and as brilliant as 
tliey were in the original lamp, although with increase of tem¬ 
perature the deposit of carbon on the bull) was materially in¬ 
creased. I then sealed into another bulb, omitting the glass 
shield, a series of platinum wires going all around it, in the plane 
of the enclosed carbon, just ifttle hooks, the wires passing 
through the bulb. I connected a telephone to the terminal 
which we will say was the positive pole and to loop No. 1, and 
with the lamp working at its normal candle power, after I had 
obtained a certain degree of exhaustion, 1 succeeded in getting a 
musical note in the telephone. By then transferring the conduc¬ 
tor to loop No. 2, I got a note of a slightly higher pitch, and 
upon transferring the connection to each succeeding loop the 
pitch of the note correspondingly increased until 1 reached a 
point which was nearly diagonally opposite the stub -|- or in the 
line 4- 6, which would be the diagonal of the area enclosed by 
the loop, when I got the maximum note from the telephone. 

As I passed along up here (T-10) the note diminished in pitch 
until I got up here (10) when it was inaudible entirely. By con¬ 
necting the telephone to the negative terminal and the sealed-in 
wires, I got no sound whatever. It was always a mystery to me 
and it is not yet solved, for the reason that I have been out of 
the incandescent lamp business for several years, and I would 
like to know whether any one else can explain the matter. As 
I understood Prof. Anthony in his paper to-night, he stated that 
the action which produced the blackening was not purely elec¬ 
trical, but was in all probability simply the volatilization of the 
carbon alone at high temperatures. If a telephone was inserted 
between any two of these loops, I got no musical note whatever, 
indicating that there was no electrical action between those two 
points—no difference of potential sufficient to give a telephonic 
current. A peculiar feature about this experiment was this: that 
the lamp was on a direct current circuit, and the pulsation which 
would give that musical note must have been in all probability 
due to inequalities in the current of the dynamo. I used this 
dummy lamp as a means of indicating when I had secured the prop¬ 
er degree of rarefaction in the other lamps from the same pump. 
That is, this lamp was attached to the same fork by which other 
lamps were being exhausted, and the exhaustion was continued 
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until I got a sliglit note in the telephone when I discontinued the 
exhaustion. These lamps, as they went out, had a residual at¬ 
mosphere of chlorine gas, and possibly some little undecomposed 
chloroform which was subsequently decomposed in use. I made 
another preliminary experiment with a different construction 
which was known as the U tube lamp. I believe it was subse¬ 
quently patented by Mr. Stanley. In it I bad a U loop of the 
same shape as shown in Fig. 4. The object of tliis construction 
was to protect each leg of the carbon filament from any direct 
electric action across from the other leg. This lamp was raised 
to a very high temperature witliout the filament changing its ap¬ 
pearance, although the blackening of the bulb was very pro¬ 
nounced. 1 am very glad that Mr. Howell has brought some 
samples of lamps here to-night showing the shadovr cast by the 
carbon filament. I think any one who has had very much prac¬ 
tical experience in the manufacture of lamps will be surprised to 
learn that carbon does not cast a shadow at all. It certainly 
was a very common ‘thing in my experience to see lamps 
exhibiting this charactistic. I have succeeded in obtaining it 
with various lamps, and with platinum, iron and copper filaments, 
and I know no reason wdiy, if the conditions are made proper, 
it may not be produced with all lamps. Of course if the carbon 
is raised to a comparatively low temperature, and not sulqected 
to sudden changes, the volatilization will be very uniform and the 
shadow of the filaments will hardly be perceptible. Wliereas if 
there are irregular or weak points in the filament orit is subject¬ 
ed to sudden changes in potential, then the shadows become 
quite marked. 

Dr. L. K. Bohm::— Volatilization is due to the mechanical 
action of the current. The theory advanced by the gentleman 
who spoke before me, was, to my knowledge, put forward first 
by Professor Crookes, of London, about 1880, in Nature. He 
explained that volatilization is due to that trace of oxygen still 
contained in that trace of air which cannot be removed by ex- 
liaustion. This trace of oxygen is said to combine with a particle 
of carbon, forming carbon dioxid. The carbon dioxid is said to 
be decomposed on the inside glass walls, leaving the carl)on on 
the inside surface of the ^lass; then the oxygen is said to return 
to act on a new particle of carbon, etc. Tliis is certainly impos¬ 
sible, because there is no chemical power on the glass walls to 
decompose a chemical combination, and further, in the presence 
of such a great excess of carbon it is impossible to form carbon 
dioxid; only the carbon monoxid can be formed. 

I accept the theory that chemical action takes place within the 
lamp chamber, and that some carbon monoxid is formed, but this 
gas will remain in the globe just as the rest of the residual gases 
remain there. 

I further wish to say something about fusing carbon. That 
.carbon can be fused to a certain extent, everyone of you has 
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seen, and I am surprised that this has not been mentioned here 
to-niWit. I refer to the treating of carbon filaments. In treat- 
ino* tSe filament, the hydro-carbon in the treating appai-atus is de¬ 
composed by the electric current, and we liave then what the 
chemists term carbon in statu nascendi tliat is, the nioment 
in which it is set at liberty, in which it is born ; and in this 
moment it is more readily capable of entering into combination 
with any substance it combines with, or with other carbon atoms, 
forming with them carbon molecules. So we have there, practi¬ 
cally speaking, atomistic carbon, while otherwise, what we gener¬ 
ally see before us is molecular carbon. Of how many atoms the 
carbon molecule consists is not known. Some sj)eculative scien¬ 
tists suppose, and I suppose wdth them, that the number of carbon 
atoms in the molecule produce the different forms of carbon with 
reference to their physical condition, that is amorphous carbon, 
graphite and diamond. If, while treating a iilament this atom¬ 
istic carbon set at liberty from the decomposing hydro-carbon, 
combines with other atoms to form a molecule, it settles on the 
surface of the filament in that half fused condition referred to 
above. The steel-like appearance of a well treated filament is 
nothing more than a coating of fused carbon on a porous fila¬ 
ment. • 

Eegarding pure carbon, I might just state that this deposit of 
carbon on the porous filament, that is, the steel-like looking car¬ 
bon is really pure carbon, the purest that can be produced. 

With reference to the bromine lamp a great many experiments 
have been described to-night, but I w^ant to ventilate for a 
moment the theory of that lamp. It is not disputed by anyone 
that the bromine lamps do not blacken, but how is it that these 
lamps remain practically clear while carbon lamps do blacken ? 
In one of Professor 'Anthony’s tables, it is stated that a 
bromine lamp lost in one instance 3.1 candles. Tliat means, as 
Mr. Howell explained, that the resistance of the filament in¬ 
creases in a bromine atmosphere as well as in a vacuum lamp. 
How do we account for that now ? Where does that carbon go 
to which is missing? I do not believe that a mere molecular 
change in the structure of the filament causes the higher resis¬ 
tance. 1 believe that volatilization of the filament takes place in 
the bromine atmosphere. Where does the carlion go to since it 
is not found on the glass walls? It must be somewhere. In my 
opinion it combines chemically with the liromine, and such a 
combination does exist; it is tetra-bromine of carbon. Tins sub¬ 
stance has not been produced out of the elements, bromine and 
carbon directly, but it can be produced with the ordinary facili¬ 
ties of chemical laboratories. Tetra-brprnine of carbon is not 
black, and it may be in tlie lamp globes in infinitely small quan¬ 
tities, but enough may be in there to prevent the^ blackening. 
Combinations take place in the lamp chamber: for instance, the 
formation of carbon monoxid has not been disputed by the other 
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gentlemen here, and has been held up by every one who talked 
about it to-night. So if one chemical combination takes place 
another one can take place. Although this^ substance (tetra- 
broinine of carbon) has not been produced from the two ele¬ 
ments directly, it has been produced in chemical laboratories and 
may be produced from the elements directly by the intense heat 
of the electric current. This will, in my opinion, reasonably ex¬ 
plain the freedom from blackening of the bi'omine lamp. 

I should like to say something now about carbon particles and 
carbon vapors or gaseous carbon in lamps; volatilization of the 
filament takes place, that is a pretty well settled question, but in 
what form is the carbon present? Is it in the form of vapor, 
that is, as gas, or in a finely divided condition, that is, as particles 
of carbon ? If we consider that it is very hard to get carbon 
into the form of gaseous vapor, then it is easily understood that, 
even if we accept that carbon gases exist near the incandescent 
filament, it must certainly condense like mercury vapor or any 
other volatilized liquid when it goes a little away from the heated 
filament, and then it will certainly fall as particles of carbon on 
the glass walls. I want to be understood distinctly about this. 
If there is really carbon vapor, that is, carbon gas in the lamp, it 
can be there only in the closest neighborhood of the white glow¬ 
ing filament, and must certainly condense like everything else 
when further removed away into cooler portions ox the^ lamp 
chamber, and must settle on the glass vralls as finely divided 
particles of carbon, as carbon dust, md not as gaseous vapor. 

Mu. Olaxt: —I am surprised to hear that dioxid of carbon 
could not in first hand be formedfrom oxygen and carbon,^ where 
there is an excess of carbon. That it does form is a fact on 
which the metallurgy of the iron is based. Dioxid of carbon is 
formed just before the blast. Later on, as this gas arises in the 
furnace,* it is transformed by the carbon into monoxid of carbon 
and receives as such the reducing qualities which makes the' iron 
from the ore. I do not think I have heard that fact denied be¬ 
fore. 

Dr. Otto A. Moses :—I have been very much edified listen¬ 
ing to the general discussion, both from a chemical and practi¬ 
cal standpoint. But in a matter of such importance as that, 
which seems to be generally recognized as fundamental, we ought 
to be very careful to consider all available tlieories of action, in 
order to be able to guide ourselves and others where vast sums of 
money have to be expended in the pursuit of some development 
of them. Many different views have been expressed, apparently 
discordant in character; and it seems to me that the time has 
about arrived, after fifteen years of experiments in the direction 
of incandescent lighting, for them all to be correlated so that the 
practicioner can take new points of departure in the future 
manufacture of the carbon incandescent lamp. It is a very im¬ 
portant thing to suspend judgment during the progress oi any 
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invention or discovery until sufficient data liave been collected, 
to enable us afterwards to formulate theories, llie time, 1 
think, has now arrived (and it may be of some interest for it 
now to be promulgated) for the advancement of one more theory 
which has not been referred to this evening, nor published, to 
niv knowledge, although it was cast into shape some 14 years ago. 
The use of millions of incandescent lamps demonstrates the truth 
of the theory then propounded. The precedent is given to us 
bv Faraday, when lie said that tlie thing of all things that he 
admired most in a man was his power to suspend jndgment and 
he added, it was due to this power that A-inpere had himselt lost 
the opportunity of predicting phenomena which 
rendered Faradav’s name immortal. When Ampere hrst noticed 
the retardation of the movement of the magnetic needle above 
a revolving disk of copper he could give no substantial reason 
for it, and; therefore, lie suspended his judgment of tlie facts. 
Experiments in the hands of Faraday afterwards developed the 

full value of this observation. i i 

When the lirst Inindred incandescent lamps were made and 

shown at Menlo Park, the world had become very mucli excited 
over the subject we are now discussing. The lamps lived but 
from 50 to iOO hours each. Very few exceeded 100 hom-s. ilie 
o'lobes became densely coated with a black deposit, and altogethei 
the expectations of tliose who luid devoted their time 
ject were very mucli clouded from that ominous fact. 1 rofessoi 
^Crookes was inclined to believe that no carbon hi ament could 
last long in a residual oxygen vacuum, and in his aijument re¬ 
vived an idea that liad developed in the haiids of bt. Claire 
Deville about the dissociation of carbonic acid in high tempera¬ 
tures, and the subsequent deposition of carbon at lower tem¬ 
peratures ; and many scientists were then inclined to believe 
that this act of dissociation would finally and inevitably lead to 
the disintegration and rapid destruction of the filament. Just a 
that time 'the problem of determiiiing what was the chemical 
composition of tliat coating was placed in my b^ds by Mr. Edi¬ 
son and was investigated for several months. Those hundiecl oi 
more lamps were submitted to all kinds of tests and analsis to 
discover what that coating was, and I am glad to say that it was 
possible to determine lieyond all doubt that it was not, as was 
surmised by Professor Crookes, a deposition of pure caibon, but 
a hydrocarbon and a paraffin. In the beginning it was thought 
to be the body of the filament, itself disintegrated, pro]ect^ 
electrically upon tlie inner surface. But there were soine difh- 
culties in the way of that hypotliesis, and further analysis dem¬ 
onstrated that while approximating in composition to the 
filament, the substance was not identical with it. borne of the 
experiments have the very greatest bearing upon tlie subject 
discussed in Professor Anthony’s valuable paper, liecause the 
gases chlorine, bromine and iodine were used tor the purposes 
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of attacking that inner coating in order to find out by substitu¬ 
tion what was the composition of the pellicle. It is interesting 
to recognize tlie fact that chlorine and these other gases do not 
attack the body of the filament; and by the change of color and 
the clarification of the pellicle from a dark substance into one 
quite translucent, and occasionally almost transparent, it was de¬ 
monstrated that this pellicle had been attacked by the chlorine, and 
that consequently it was not a pure carbon. Further experi¬ 
ments demonstrated also that in the pellicle there was hydrogen, 
carbon and some nitrogen. The pellicle was submitted to the 
action of chemically pure, dry chlorine gas. The formation of 
substitution compounds seemed to be almost instantaneous. The 
pellicle was attacked and became of a horny nature. The 
vacuum globes had theii* ends broken off after insertion into 
vessels containing chlorine gas. They were partially buried in 
snow for several days, in order to see what effect would be pro¬ 
duced by-the condensation of any liquids that might have been 
formed by the action of the chlorine on the pellicle. Where the 
heat was taken away at that particular point in contact with the 
snow, a concentration of action was observed to have taken 
place. These experiments, and quite a number of others with 
which I will not fatigue you, led to this conclusion in my mind, 
that the carbon filament is nothing but one of an infinite series 
of hydrocarbon compounds commencing with the most volatile 
liquids, or, perhaps, even with the gases, and extending up to 
the diamond. The hydrocarbon is invariably present. At about 
that time Professors Young, Barker, Rowland and Brackett were 
at the laboratory, and some of the carbon filaments were sub¬ 
jected to the most extraordinary temperatures for spectroscopic 
analysis of their light. One, in particular, fused at its point of 
rupture. While it was being gradually heated, the spectrum was 
observed by Professor Young. The hydrogen line was invari¬ 
ably present in all, except at the point of rupture of this fila¬ 
ment, when it was thought to have disappeared several seconds 
before breaking. But up to that point there was no doubt in 
the minds of any one of the observers that hydrogen was pres¬ 
ent. That fact I shortly afterwards mentioned to M. Dumas, 
the permanent secretary of the French Academy, and the greatest 
authority at that time on carbon in the world, to whom was due 
the determination of the atomic weight of carbon. At that time 
I ventured to make the statement, that I did not believe there 
existed such a substance as pure carbon. He said to me, “ I am 
very much inclined to believe it, perhaps, with the exception of 
the diamond.” In the manufacture of carbons for incandescent 
lamps, the increase of temperature commencing with the heating 
of the organic matter in a vacuum gradually, causes distillation 
of the volatile matters present, until you get to the so-called car¬ 
bon skeleton. Submitting that finally to greater and greater 
heats, you find invariablj^ a shrinking of tfie carbon skeleton. 
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That shrinkine; has no absolute limit. Towards the end of the 
carbonization,"however, when the temperatures are enormously 
increased, it is scarcely perceptible. The shrinking, between the 
temperature of the air and that hnal temperature at which car¬ 
bons ai’e now produced, is about one-thu'd in bulk. So that tliere 
we have evidence of a continuous distillation of volatile portions 
of the hydrocarbon filament, until the limit is reached by the 
disintegration or, perhaps, volatilization of tlie cai-boin If one 
cousidms this phenomenon we have at once a solution of all 
these discordant phenomena reported during our present discus¬ 
sion. The known pamffins will distill otl, together with the long 
series of them, more and more infusible in tlieir nature, and yet 
unknown and unstudied until finally a residual carbon (?) is left, 
which, as Professor Anthony has said, is in appearance, like the 
finest steel and is exceedingly hard. 

An analogy strikes me here ■which may be of service in con¬ 
sidering that"question.. We have all observed in the druggists’ 
windows the volatilization of camphor at ordinary pressures, and 
we have also been inclined to believe that the deposition^ of the 
condensed vapor, formed towards the light, is connected in some 
way with the action of light, since it would seem that at the 
place wdiere the light entered the vessel would be a greater tem¬ 
perature than elsewhere in the enclosing chamber. But there is a 
time in the night wdien radiation takes place, if the vessel be op¬ 
posite to an oinm wdndow", where the heat radiates from the vessel 
into space, and there will be a deposition on the inner surface of 
the vessel in tlie direction of the ivindow, which, during the day¬ 
time, was really the point of greatest heat. In some such way 
we may suppose that the paraffins and all that series of liydrocar- 
bons tliat are more fusible than the residual hydrocarbon left in 
the filament while it incandesces, would precipitate upon the 
colder surface of the chamlier. That is made evident, too, by a 
study of the phantom shadow’s cast. This deposition of carbon is 
but a process of simple distillation continuously taking place. Why 
should it not take place at once on the first ignition, is a natural 
inquiry. Because the particles have been rendered semi-plastic, 
and have been fused throughout the mass of the hydrocarbon, 
and a rupture must take place in the gas occluding cells before the 
enclosed hydrocarbon, of lower melting point than the filament, 
can escape. Even if the temperature is kept constant in the 
filament, the wearing away still continues. There is a constant 
evaporation taking place and a deposition upon the colder sur¬ 
face of the globe. _ , j. , 

It may be asked why these observations have not before been 
given to the w'orld. They were formulated and submitted to 
Mr. Edison at a time when they became practically valuable, 
for only when the cause of this blackening was known did the 
future of the incandescent lamp become assured. It simply be¬ 
came necessary to increase the temperatures at which the fila¬ 
ments were carbonized to the very highest point possible, in 
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order to prolong the life of the lamp. That method was 
adopted, and it was not generally known outside of that lahora- 
torv. But it was the turning point in the commercial production 
of the incandescent lamp. When, on discoyering tliis fact, it 
was referred to Idr. Edison as of suflicient interest ^to be pub¬ 
lished to the world, he made one of his characteristic remarks. 
He said ; “ We are on a forced march and we haven’t time to 
bury our enemies, or to put up tombstones over them. 

The Ohaieman :—If there is no further discussion of the sub- 
iecti we will ask Prof.- .Aunthony to reply to what has been said. 

^ Peof. Anthony :-Mr. President, at this late hour I will touch 
upon a few points only of those brought out in this discussion. 
With reference to Professor Elihu Thomson’s remarks upon the 
softening of carbon, 1 did not wish to be understood as endors¬ 
ing the statement that it could not be softened.^ The supposed 
fact had been adduced as an argument against its vaporization, 
and I pointed out that even if it were true that melting, or soft¬ 
ening never occurred, it was not a valid argument. A little 
further on I referred to the fact that Depretz had succeeded in 
softening, and even welding, rods of carbon more than fifty 
years ago. 

With reference to the remarks of Mr. Howell, when I went 
to the Mather company, six years ago, I had considerable to do 
with incandescent lamp manufacture, and had observed that 
lamps sometimes improved in candle power for the first 60 hours 
or so, but this was generally, and my impression is, always, 
accompanied with decrease in resistance and consequent increase 
of current. It was not the usual result, and I always ascribed it 
to differences in the filaments such as might occur from different 
temperatures in the carbonizing furnace, or even to the different 
positions of the filaments in the boxes in which they were packed 
for carbonization. Table III. shows an increase in current and, 
therefore, decrease in resistance in both vacuum and bromine 
lamps at 210 hours, and yet the vacuum lamps had fallen in 
candle power. 

Mr. Howell states that these lamps are poor vacuum lamps, 
and exhibits the results of tests that show a remarkable life and 
remarkable uniformity in candle power and efficiency. I can 
only say that I have never met with such lamps in commercial 
use, and remember well that when I was obliged to use Edison 
lamps in my own house because of the injunction restraining 
the Mather company from using others, 1 found the failure in 
candle power very serious. If the lamps of Table III. poor 
lamps, they were all alike up to the point of exhausting, and the 
tests show a remarkable difference in behavior. As to the use of 
55-volt lamps for these tests, as I understand 55-volt lamps 
formed a considerable portion of the product of the Waring 
factory and of the Perkins factory before it. 1 understood that 
they found there was less to fear from competition in lamps of 
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this voltage than in those of 100 volts or above. In other words, 
.50-volt lamps on the market were less satisfactory than those of 
the hiirh voltages. I hardly see how this agrees with the state¬ 
ment that any one can make 50-volt lamps. .mu 

A.S to the variation in voltage in the individual lamps ot Lable 
III. they were taken from lamps all made at the same time from 
the same “ batch” of carbons, in order to remove any question as 
to the cause of the differences which it was expected would de¬ 
velop ill the final test. Thev could not be volted until they 
were finished, and they then" had to be taken as they came. 
Whatever difference there was in individual lamps, it wp greater 
for the bromine than for the vacuum lamps. The bromine lamps 
were started also at a slightly higher efficiency, so that every 
advantage was given to the vacuum lamps. I fail to see how 
these differences in conditions affect the comparison between 

the two. . ,. 

I wish to add that my object in_ presenting tins paper was to 

point out the theory as a matter of scientific as well as practical 
importance. I am glad to find among those best qualified to 
judge, that the vaporization of the carbon is generally accepted 
as the cause of the blackening, but 1 had not found such general 
acquiescence before, and in the argument for the Edison com¬ 
pany in the suit to which Mr. Howell has referred, it was pro¬ 
nounced absurd. As pointed out by Professor Robl), the ra]>id 
increase in the blackening due to small increase in the voltage at 
which a lamp is run, shows the vaporization to be due to heat 
rather than to electrical action. It is what wc should expect 
from the rapid increase in the vapor tension with rise of tem¬ 
perature that occurs in other cases. I cannot agree with Dr. 
Bohm and Professor Elihu Thomson, that the vapor would con¬ 
dense as soon as it left the region of the filament This inight 
be true if a gas were present to which it could give up its heat, 
but if the vacuum were perfect except the carbon vapor, to what 
Sd it give up its heat except to the walls of the vessel? With 
reference to the claim of another speaker, that gases in the cham¬ 
ber may serve as the cari'iers, 1 would call attention to the fact, 
that the presence of any gas in the chamber, in proper quantity, 
retards the blackening. There are other points I should like to 
touch upon, but consideiung the lateness of the hour will leave 
the matter here. 

Mr. Howepl In regard to Professor Anthony’s experience 
with Edison lamps I have no doubt he is entirely right. Y on 
cannot expect results like those I have shown, from anyunng but 
the type of lamp upon which this test was made. If Professor 
Anthony has burned in his house 115-volt lamps they will not 
give any such results, and if I were to come here and show you 
these curves, and say they are characteristic curves of Edison 
lamps I would be deceiving you. I have shown you that curve 
because it is made by lamps of the same type as those tested by 
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Professor Anthony, and quoted in his paper. If he had pro¬ 
duced another type I would not have exhibited those curves at 
all. I would have shown the same thing that he showed. 

[President Houston here resumed the chair.] 

The President Before going any fnrther the Institute 
may like to know that I have had the pleasure of sending the 
following message to Chicago : 

“As President of the American Institute of Jilectrical 
“ Engineers I desire to send hearty congratulations on the suc- 
“ cess of our first dual meeting. It gives me great pleasure to 
“ address at once two meetings, over 1,000 miles apart, and to 
“ know that that has been rendered possible by the advances in 
“ that branch of engineering which it is the privilege of our 
“ society to represent. 

“ The Institute has agreed, provisionally, to adopt the name 
“ ‘ gauss,’ ‘ weber,’ ‘ oersted,’ and ‘gilbert' for the magnetic units 
“of flux density, magnetic flux, magnetomotive force and le- 

I sent them word that Professor Anthony’s paper tad been 
read and listened to with great attention, and was now going into 
debate. The Chicago meeting sends word: 

“ The Chicago meeting sends congratulations to the New 1 ork 
“ meeting, and trusts that the intercommunication thus, for the 
“ flrst time, inaugurated by means of the telephone will not be 
“ the last. It believes that considerable advance will be made 
“ in electrical science by the idea of holding simultaneous meet- 
“ iugs in different parts of the country. It also sends word that 
“ Professor Anthony’s paper has been read and is now being 

“ discussed.” ^ . 

If there is no other gentleman who desires to discuss Pro¬ 
fessor Anthony’s paper, I would like to make one or two brief 
remarks. I would like to discuss this paper at great length, but 
time does not permit. 

At the time the Sawyer-Man lamp came out, it was my pleas¬ 
ure to make some investigation and experiments in lamps con¬ 
taining very low vacua. The Sawyer-Man type of lamp was a 
lamp with a fibrous carbon filament in which instead of the or¬ 
dinary vacuum produced by a pump, an attempt was made to 
produce a vacuum, and I believe a fairly good vacuum was made 
by rarefying a gas, heating it to high temperature and sending a 
current of nitrogen through it, and some very fair results were 
obtained. 

While I do not wish to criticise Prof. Anthony’s paper, since I 
know that the term that he uses is a term that is commonly em¬ 
ployed, still I think the term is a bad one, namely “ efficiencies 
in watts per candle.” This would make the efficiency equal the 
watts divided by the candles, or the activity divided hy the lumi¬ 
nous energy. Now if we consider the electric lamp as a device 
for converting electrical into luminous energy, as it of course 
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is, then this expression would necessarily he faulty, since it 
would show a higher efficiency, the poorer the lamp is as a trans¬ 
lating device. Of course the phrase should be candles per 
watt.” It should be “ efficiency equals candles ^ divided by 
watts or the luminous energy divided by the activity. This, 
however, would not be strictly accurate in itself, since the lumi¬ 
nous energy would require for actual practice to be multiplied by a 
physical constant; that is multiplied by a constant, varying 
with the distribution of the wave lengths in the different parts of 
the spectrnm. I would propose for use in this connection, if in¬ 
deed it has not been used, the term candles per kilowatt,” thus 
making the efficiency equal to the luminous energy divided by 
the total energy. 

Prof. Anthony ;—I perfectly understand that criticism, and 
agree with the Chairman entirely. I was simply using the term 
as it is generally used. [Adjourned,] 

[Owing to lack of time the following remarks by Mr. Moore 

were submitted after adjournment.] 

Mr. D. McF ARLAN Moore:— Mr. President, the statement 
that the most important problem in connection w^ith electric 
lighting to-day, is the successful production of a more efficient 
lamp, I do not think will be questioned. Our present knowl¬ 
edge seems to indicate that we have about reached the limit of 
efficiency in dynamo construction, and that by far the most in¬ 
efficient portion of an electric lighting installation is that where 
the current is transformed into light, viz., the lainp.^ The sub¬ 
ject under discussion to-night is primarily the blackening of lamp 
bulbs and the consequent decrease in efficiency. The blackening 
material is the disintegration of the filament, that is, the blacken¬ 
ing is caused by the volatility of the carbon. Therefore, the 
apparent remedy is to get a filament that will not disintegrate 
and volatilize,' and at the same time have high efficiency and 
lono' life, or better still get rid of the fi^lament entirely. This 
would be an '' ideal ” lamp, although the ideal filament lamp de¬ 
scribed by Professor Anthony is by no means an impossibility. 
It is not difficult to conceive of a fiament so constructed that it 
will rupture the moment a certain degree of disintegration (it 
may be very small) has been reached.- A filament with a very 
hard and smooth surface, yet soft interior, might accomplish this 
purpose. That is, the filament to be so designed that it shall have 
but little life after its glaze has been punctured or destroyed due 
to the combined action of heat and electrical action, but not by 

air washing.” ^ ^ i i 

Heat means molecular action, which, if sufficiently violent, par¬ 
tially overcomes cohesion, and the molecular action is then in 
accordance with Hewton’s first law. Since this process is con¬ 
tinuous and in one direction, that is, from the filament, there is 
little liability of particles, after having once escaped from the 
cohesive forces, of returning to their original positions in which 
they constituted the filament. 
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The paper attributes the so-called ‘‘ phosphorescent’- light 
(which, by the way, seems to be a very misleading and poorly 
adapted name for this phenomenon) to the molecular impacts upon 
the enclosing chamber, but tlie study of the results obtained with 
different degrees of vacuum would seem to indicate that the 
most light is produced, when the enclosed gas is attenuated to a 
degree most suited to be thrown into a state of high vibration 
by the electric impulses of the current. It is also stated in the 
paper that a great potential difference is necessary to produce 
this effect, but it does not follow that a high tension current is 
necessary. 

I respectfully refer you to my paper before this body on 
September 20th last,^ wherein I suggest the construction of a kmp 
without a filament, the light being produced by molecular dis¬ 
turbance due to rapid, successive, conductive discharges of a low 
potential current, which are, of course, oscillatory in character ; 
and, on account of self-induction, produce the high tension neces¬ 
sary to molecular vibrations of sufficient frequency to cause 
luminosity in the surrounding space, filled witli the proper 
quantity of vapor or gas, and a vapor or gas best adapted to the 
purpose, viz., that of producing light. 

The lamp of to-day cannot withstand the demand of these 
progressive times much longer, and a new method of electric 
illumination must shortly succeed it. The lamp of to-day may 
evolve into either a straight continuous light-giving tube of any 
length, or evacuated sj)ace in every conceivable form, depend¬ 
ing upon the principle that luminous molecular vibrations gener¬ 
ated in one portion of an evacuated space (best concealed) will 
travel throughout the confines of such space. It is upon these 
general lines tliat the electric lighting of the future will proba¬ 
bly be carried out. 

[Communicated after adjournment, by Prof. Reginald A. 

Fessenden.] 

Professor Anthony’s paper deals with a subject of great im¬ 
portance from a practical standpoint. As 1 understand him, he 
considers that the blackening of incandescent lamps is due 
mainly, if not entirely, to a thermal vaporization of the carbon, 
as distinguished from the vaporization produced by electrical 
means. This conclusion can hardly be accepted by those who 
have done much experimenting on the subject. 

To mention one single experiment (due originally to Mr. 
Edison, I believe,) which will be a familiar one to most lamp 
manufacturers. If we take a small bundle of glass fibres, clean 
them carefully, then spread them out like a broom, and seal them 
in an incandescent lamp, so that the plane of the broom is per¬ 
pendicular to the plane in which the nlament is, and lies between 


1. Transactions, vol. x., p. 437. 
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the legs of the filament, we shall find, on running the lamp at 
its normal voltage for a few hundred hours, most decided evid¬ 
ences of Crookes’ effect. For it will then be noticed that, while 
the side of the broom next the -f- terminal is perfectly clean, so 
far as the eye can tell, the side next the — terminal is covered 
with a thick, black deposit of carbon. 

This experiment would appear to be conclusive, for if the 
carbon deposit were due to vaporization by heat, both sides 
would be blackened, whereas one is perfectly clean, and the 
other is coated. 

Other experiments might be mentioned, but this will suflSce. 

It is also stated that the carbon deposit never appears as a line 
deposit. This is not quite correct, for though it is rare, I have 
seen it on more than one occasion, and so most probably have 
others. I conceive that the reason why it is so rare, is that the 
two legs of a carbon filament very rarely lie throughout their 
whole length in the one plane, and unless this be the case, a line 
deposit is/of course, an impossibility. 

I would also say that the carbon deposit is not evenly deposited, 
though it may be so in certain cases. I have seen quite a number 
of lamps in which the deposit was in segments, like those of a 
football, but with the spaces corresponding to the seams much 
wider in proportion, also lamps in which there were bare spots 
symmetrically arranged in the centres of dark deposits. Some 
circumstances led me to think that these latter were caused by 
the presence of conducting impurities in the glass, and I endeav¬ 
ored to reproduce them in predetermined forms, but failed, the 
theory being probably wrong. 

In the writer’s opinion, the phenomenon is a true Crookes 
effect, and the decrease of blackening is due simply to the fact 
that it takes a greater potential to start a negative discharge into 
one gas from an electrode than into another gas. For instance, 
it takes twice the potential to create a negative discharge from 
an iron electrode into nitrogen, that it does to create a discharge 
from the same electrode into air. Some facts in thermo-chemis¬ 
try seem to throw a light on the subject, but at present there is 
not sufficient datum to prove the connection. It may, however, 
he mentioned, that if it is correct, phosphorous should act even 
better than chlorine or nitrogen, provided its vapor tension were 

high enough. 

[OOMMIJNIOATED AFTER ADJOtTENiMBNT, BY ChARLES J. UbED.] 

Professor Anthony quotes Fleming and Proctor as authority 
for the statement that the filament never casts a shadow in a 
carbon deposit. I have frequently seen the shadow in a carbon 
deposit in large lamps having a long but rigid filament. A very 
remarkable and unmistakable case I remember in 1887, was an 
Edison 100-candle 100-volt lamp at Idaho Springs, Colorado. 
The lamp gave a very bright light, being evidently volted 
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too high. After burning about a month the filament ruptured 
about an inch from the base. There was no trace of copper in 
the deposit, though the filament was attached by copper plating. 
The green color by transmitted, and the red color by reflected 
light, were both entirely absent, but the globe was* intensely 
blackened by a carbon deposit everywhere except in the plane of 
the filament, which showed a very strong and sharply defined 
shadow. The shadow was very deep on the side of the globe 
farthest from the rupture, while it was nearly obliterated on 
the side nearest the rupture where the blackening was most in¬ 
tense. This showed : 

(1.) That the shadow had been partly formed before the rup¬ 
ture. 

(2.) That it had been mostly formed while the arc lasted at the 
time of rupture. 

(3.) That it was formed by particles of carbon moving in 
straight lines, and not by particles of copper. 

In regard to the evaporation of metals in vacuo mentioned 
by Professor Anthony, 1 have found that silver evaporates with¬ 
out the use of an induction spark at a temperature far below its 
melting point. If the carbon filament of a lamp be attached to 
platinum wires by a globule of pure silver, a bright mirror of 
silver (blue by transmitted light) will be rapidly deposited on 
the glass at the nearest point, even when large beads of glass are 
melted onto the wire close to the joint to keep it cool. 


Meeting of Western Membex^s at Chicago. 

A meeting of the western members of the Institute was held 
simultaneously with the New York meeting, in the lecture room 
of Professor Stine, at the Armour Institute. At this meeting 
the paper of Professor Anthony was read, upon the invitation 
of the author, by Prof. Dugald 0. Jackson, of Madison, Wis¬ 
consin. Through the kindness of Mr. A. S. Hibbard, the 
General Manager of the Chicago Telephone Company, the meet¬ 
ing rooms were placed in telephonic connection with the Ins'ii- 
TUTE rooms in New York City, and before the meeting of the 
Chicago members was called to order, a half hour or more was 
very pleasantly spent in conversation between members present 
at the Chicago and New York meetings. The possibility of 
bringing distant audiences in touch with the author of a paper, 
was satisfactorily established, and before adiournment, President 
Houston, at New York, spoke over the wire to attentive listeners 
in both cities, extending congratulations upon the success of the 
dual meeting, and informing the Chicago members that the re¬ 
port of the Committee on'Units and Standards had been ap¬ 
proved . 

The Chicago meeting was called to order with about 46 mem¬ 
bers and guests present, by the Local Honorary Secretary, who 
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read the Institute rule under which the meeting was held. It 
was stated that 20 members, the requisite number, had signed a 
petition, and that in accordance with the action of the Council, 
the Secretary had issued the call for the holding of this meeting 
in Chicago. Upon motion of Mr. B. J. Arnold, Mr. A. S. 
Hibbard was named as Chairman. Mr. Hibbard at once took 
the chair, and the Secretary read the following communication : 

CHICAGO TELEPHONE CO. 


Chicago, Ills., March 2ist, 1894. 

Edward Caldwell, Esq., 

Local Honorary Secretary, American Institute of Elec. Engrs., 

1432 Monadnock Block, Chicago. 

Dear Sir : The use of the Long Distance telephone lines between Chicago 
and New York has been extended to the Institute for this evening by the 
Vice-President and General Manager, Mr. Edward J. Hall, of New York. 
Telephones have been placed in an adjacent room, and may be used by the 
members present in Chicago in communicating with members who are pres¬ 


ent at the New York meeting. 


Yours truly, 

A. S. Hibbard, 

* General Manager. 


The Chairman then called upon Professor Jackson, who read 
the paper as announced. 

Discussion at Chicago. 

The discussion was opened by Mr. Francis E. Jackson, of 
Harrison, N. J., who exhibited the diagrams. Figs. 1, 2 and 3, 
and who also presented similar arguments, and called attention 
to the points alluded to by Mr. John W. Howell at the New 
York meeting. [See p. 155 ante.] He was followed by Professor 
Stine, as follows 

Prof. "Wilbur M. Stine: —The paper we have just listened to 
deals primarily with the “age coating” within the bulb of an 
incandescent lamp; it argues that this is due to simple volatiliza¬ 
tion of the carbon tilament, and that the presence of certain 
heavy gases in the chamber more or less prevents the formation 
of the coating. While some points have been overlooked and 
others but scantily noticed, the paper as a whole is broad and 
suggestive in its treatment of the physical causes involved in the 
blackening of lamp bulbs. Much has been written on this sub¬ 
ject, but writers have usually been too one sided in the data and 
"explanations which they have presented. ^ It is only when the 
work of many expei'imenters and authors is compared, that har¬ 
mony is established and the true explanation becomes apparent. 

The supposition, I had almost said belief, that mercurial va¬ 
por, supposed to be present in the lamp, was, somehow, the 
agency by which the black deposit formed, is so thoroughly 
explained away that it ought not again to be advanced. It has 
always seemed strange that so many writers caught at this straw 
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for an explanation. I do not recall having seen any good reason 
advanced as to why it should form the coating and it is rather 
singular that the suggestion ever gained headway. However, E. 
E. Cary, for example, in an article in the Electrical Engineer., 
seems satisfied that the blackening is due to remanent mercurial 
vapor. As usual, he attempts no explanation and even his experi¬ 
ments are open to criticism and further demonstration. He fur¬ 
ther states, what is generally accepted, that the rate of blackening 
in merciirially exhausted lamps (equally true for all types of 
vacuum lamps) varies with the density, elasticity, and lack of 
uniformity in filaments. 

A careful summary of experiments bearing on tlie production 
of the black coating, together with certain well known facts in 
the life history of the incandescent lamp, entirely supports Pro¬ 
fessor Anthony’s statements. I will now attempt to sitrnmarize 
such experiments and discuss their bearing in order. In an 
article by Professor Nichols we find: 

{a') That the rate of deposit is greatest in the early life of the 
lamp. 

(?>) The distribution of the coating within the bulb is uniform. 
((?) No marked difference in the blackening exists between 
treated and untreated filaments. 

(cZ) Lamps increase steadily in resistance as they grow older by 
use. Again from an article by L. S. Powell in the London 
Etectrical Eeview. 

(e) That carbons baked or flashed at a low temperature black¬ 
en the bulb more than those tinished at a high temperatui’e. 
{/) That the film is a good conductor of electricity. 

If we discard hydrocarbon theories as not sufficiently proven, 
the initial rapidity of deposition seems due to the less dense por¬ 
tions of the carbon volatilizing early in use, the rate then is also 
decreased by the lower temperature due to decreasing current. 

That the coating is uniform, supports the gaseous carbon view, 
since either by diffusion or convection currents, the carbon would 
be evenly distributed over the entire interior of the bulb. 

The fact that no marked difference exists in the blackening, 
whether the filament be treated or not, scarcely warrants mu^ 
confidence being placed in the view that carbon is deposited by 
the formation and dissociation of some hydrocarbons. 

It is a well known fact that the resistance of the filament 
steadily increases with use. The deposited carbon must, in the 
nature of the case, come from the filament and nowhere else, thus 
constantly attenuating it. But why may not the successive 
heating and cooling of the filament cause it to become somewhat 
crystalline and graphitic, and add to its resistance and liabil¬ 
ity to break-down? 

Various conductivity and otlier tests, seem to prove conclusive¬ 
ly that the deposit is pure carbon, but a peculiar metallic looking 
nlm which is sometimes found spread over the filament has been 
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by some considei’ed to be due to au alloy of carbon and lead, the 
lead coming from the glass of the bulb. It has not yet been 
proven that such an alloy is possible under the conditions present, 
and the layer may be only graphitic carbon mistaken for a metal. 
And again, if carbon halted or flashed at a lower temperature 
shows more marked deposits, is it not due to less density of 
structure, giving rise to greater ease of volatilization ? The evi¬ 
dence in favor of the blackening being due to simply volatilization 
seems quite conclusive. It is sustained by what physics teaches 
us of the behavior of carbon at high temperatures. When heated 
in a vacuum it does not soften, "because like NH 4 01 it passes 
at once into the state of vapor, but, if a gas under considerable 
pressure be present to prevent the flying oif of its molecules, 
carbon softens and l)ecomes waxy. 

" Horizontal tilaments do bend progressively, often touching and 
breaking the glass, and if a filament so softens and becomes like 
sealing wax, a liquid of great viscosity,^ there are good grounds 
for believing that it also slowly vaporizes. Professor Anthony 
proves very conclusively that the presence of remanent air or a heavy 
gas prevents the blackening; but he attributes its action wholly 
to convection currents. If this were the case, the distribution of 
the deposited layer would not be uniform, for it is the nature of 
such currents to rise. The deposition would then be greater on 
those portions of the bulb first impinged upon, since the gas leav¬ 
ing the filament would be more richly charged with carbon vapor. 

The uniformity of the deposit is so general, that we cannot 
assign the principal cause to these convection currents. Undoubt¬ 
edly convection currents do exist, but they are a minor cause of the 
deposit, and it seems entirely reasonable to suppose that diffusion, 
pure and simple, of carbon vapor, through the enclosed gas, is 
the leading factor. This diffusion, in lamps having a high vacii- 
um, may become, to a great extent, a Crookes action. In such 
lamps tlie production of a shadow ” shows that the freed carbon 
molecules are not often deflected from a straight course. But 
such shadows are more pronounced in the neck than in the bulb 
of the lamp. In the neck tlie Crookes effect does occur, but in 
the bulb it is modified into diffusion. 

The distincthm between diffusion and the Crookes effect is 
simply the presence in the one case of deflecting and impeding 
molecules 

In the type of lamps in which certain gases are purposely 
present, it would seem that diffusion chiefl;y, and convection cur¬ 
rents to a less extent, were the means by which the carbon reaches 
the bulb. This view weakens the convection-current explanation 
of the permanence of the filament of the bromine lamps. 

An ira portant action of these heavy vapors has been entirely over¬ 
looked. The molecular weight of the carbon atoms is but 12 
against that of bromine, which is 80. When a carbon molecule, 
charged to incandescence with heat energy, comes in contact 
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with the colder and heavier bromine molecules it is so greatly 
cooled by the interchange of energies that it can no longer exist 
in the state of a vapor, but is i*edeposited as a solid on the fila¬ 
ment. The heated bromine molecules rapidly dissipate their 
increased energy and return cooled for a fresh impact. This 
view is supported by the fact that carbon volatilizes in a vacuum, 
but, when under gas pressure, simply softens. This type of lamp 
is capable of much improvement, for but little, comparatively, 
has been done in this direction. The tendency would be to search 
for the heaviest possible transparent gas, not decomposed by high 
temperature, and to use it under relatively high pressure. It 
would be queer indeed to see incandescent lamps pass from the 
. vacuum type to the other extreme of high pressure of a contained 
inert gas. Further, the contained gas should be without effect 
on the filament. That the filament in the bromine lamps is short 
lived seems to indicate a chemical combination with the carbon 
at a high temperatures. 

Further discussion was carried on by B. J. Arnold, Ludwig 
Gutmann, Mr. Kammer, and others. 

Professor Jackson then answered a number of questions, and 
closed the discussion on behalf of the author, with the follow¬ 
ing remarks: 

, Prof. Duoald C. Jackson :—We have here a remarkable paper 
with which to inaugurate the meetings of this section of the Insti¬ 
tute, and I am most happy to have been designated by Professor 
Anthony as his representative, and to have received 3 ^our invita¬ 
tion to read the paper before you. The conclusions of this paper 
clear up in a straight-forward scientific manner several of the 
mysteries of the incandescent lamp. Some of the conclusions 
may not be fully borne out, but the discussion shows them to be 
correct in the main. 

There are a few points in the discussion of Mr. F. E. Jackson 
(the other Mr. Jackson) which deserve much fuller consideration 
than we can give them at this late hour. Mr. Jackson has shown 
us some life and efficiency curves of Edison lamps which evidence 
the wonderful perfection of the incandescent lamp filaments now 
manufactured by the General Electric Co, I think we owe Mr. 
Jackson our most cordial thanks for traveling all the w;ay from 
Harrison, N. J., to Chicago to show us the curves. The evidence 
presented, however, does not prove that these filaments give as 
good results in vacuum lamps as might be obtained from them 
in bromine gas lamps. The curves which Mr. Jackson presents 
as representing Novak lamps no doubt correctly reresent the 
lamps tested, but my observation shows that there is likely to be 
considerable irregularity in the lamps produced in the small¬ 
er factories. This is a result which may be expected, on account 
of the refinement required in the manufacture of filaments. My 
observation shows that the gas lamps (Novak lamps), in the main. 
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retain their brilliancy throughout their life more satisfactorily 
than do vacuum lamps on the same circuits. On the other hand 
a few of the Novak lamps perform more poorly than their 
vacuum brethren. 

There is indeed a weakness in Table III, as pointed out, but 
eliminating that weakness does not, I think, vitiate Professor 
Anthony’s conclusions. Neither does the fact that a carbon 
shadow is sometimes found. The shadow is sometimes very well 
marked in the carbon coating. This simply shows that the carbon 
molecules which leave one leg of the filament and are deposited on 
the opposite side of the bulb, do not come into collision with other 
molecules sufficiently often to be swerved materially from straight 
paths. The part of the bulb which is in the plane of the filament 
is therefore partially shaded from the “ molecular shower ” by 
the filament itself. Upon the explanation offered in the paper, 
the shadow in the carbon deposit can only occur in lamps with a 
very high vacuum, which agrees with the statement made by 
Mr! F. E. Jackson. The argument that the carbon deposit is 
made by molecular deposition is strengthened by the fact ‘that 
the deposit cannot be analyzed under a very powerful micro¬ 
scope. That is, the deposit seems to be perfectly smooth or homo¬ 
geneous when viewed under the microscope. 

At the close of the discussion of the paper, a vote of thanks 
was tendered to Mr. Hibbard, as the representative of the Chi¬ 
cago Telephone Company, and to Mr. Hall, as the representative 
of the American Telephone and Tele^aph Conmany, for the 
use of the telephone lines, and also to Professor D. C. Jackson 
and to Mr. F. E. Jackson for their interest in coming such long 
distances to attend the meeting. Professor Stine and the Armour 
Institute, which had placed such admirable facilities at the dispo¬ 
sition of the local meeting, also came in for a very hearty vote 

of thanks for their hospitality. ^ j . 

It was stated by Professor Stine that the electrical and scien¬ 
tific journals containing the articles to which reference had been 
made by Professor Anthony in his paper, were upon the desk 
for consultation by any who wished to refer to them. 

Professor Stine, B. J. Arnold and Edward Caldwell were ap¬ 
pointed a committee to devise means to pay local expenses and 
to arrange from time to time for the holding of meetings. 

The meeting then adjourned. 



AMERICAN INSTITUTE OF ELECTRICAL 

ENGINEERS. 

Nkw Yokk, April 18, 1894. 

Tlie eighty-sixth meeting of the Institute was Iield this date 
at 12 West 31st street, and was called to order at 8 r. m. by Pres¬ 
ident Houston. 

The Secretary read the iniinites of the last meeting wliicli were 
approved. 

The Secretary read tlie following list of associate members 
elected and transferred at the Council meeting in the afternoon : 

Name. Address. Endorsed by. 

Best, A. T. Electrical Engineer, W. G. Whitmore. 

Hotel Ponce de Leon, Chas. D. Shain. 

St. Augustine, Fla. Aug. Noll. 
Carus-Wilson, Charles A., Professor of Electrical Engineer- T. C. Martin. 

ing, McGill University, Mon- Joseph Wetzler. 
treal, P. Q. L. Stieringer. 

Colvin, Frank R., Treasurer and Business Manager, James Hamblet. 

The Electrical Engmeer^ 203 Geo. M. Phelps. 
Broadway, New York City. A. E. Kennelly. 

George, John C., President, Raleigh Electric Street Louis Duncan. 

Railway Co., Marine Bank Samuel Reber. 
Bldg., Baltimore, Md S. W. Huff. 

Gerry, J.\ME.s H., Superintendent, The Self-Winding Edward Durant. 

Clock Co,, 163 Grand Ave. James Hamblet. 

Geo. A. Hamilton. 

Gladstone, James Wm., Manager, Edison Mfg. Co., West T A. Edison. 

Orange, N. J. A. E. Kennelly. 

Edwin J. Houston. 

Hobart, Henry M. Engineer, General Electric Co., Ralph W. Pope. 

Schenectady, N. Y, F. W. Tischendoerfer. 

C. P. Steinmetz. 

Hood, Ralph O., Electrical Engineer with General A. E. Kennelly. 

Electric Co., 180 Summer St., Elihu Thomson. 
Boston, Mass. Caryl D. Haskins. 

Hubbard, William C., Electrician, Royal Arc Electric Louis B. Marks. 

Co., 143 Liberty St., New York E. T. Birdsall. 
City, Chas. D. Shain. 

iNGOLD, Eugene, Consulting Engineer and Expert, T. C. Martin. 

Pittsburgh, Pa. A. L. Rohrer. 

J. R. Lovejoy. 
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Keefer, Edwin S., 


Macloskie, Chas. H., 


Neiler, Samuel G., 
Proctor, Thos. L., 


SE ARLES, A. L., 
Toerring, C. J., Jr*, 
Wiley, Walter S., 


Supt. of Electric Light Construe- G. A. Hamilton, 
tion, Western Electric Co., 22 Ralph W. Pope. 
Thames St., New York City. J. Stanford Brown. 

Engineer, with B. J. Arnold, 436 B. J. Arnold 

The Rookery, Chicago, Ill. Fred. DeLand, 

Lemuel S. Boggs. 

Ass’t. Electrical Engineer, The R. H. Pierce. 
World’s Columbian Exposition, Lemuel S. Boggs. 
4318 Berkley Ave., Chicago, Ill. Fred. DeLand. 

General Manager, Riker Electric Philip Mauro. 
Motor Co., Newtown, L. I., Joseph Wetzler. 

Andrew L. Riker. 

Engineering Dept., The Royal Chas. D. Shain. 
Arc Electric Co., 73 Watt St., E. T. Birdsall. 
New York City. Louis B. Marks. 

Electrician, Royal Arc Electric Louis B. Marks. 
Co., 143 Liberty St., New York Franklin L. Pope. 
City. Edw. L. Nichols. 

Supt. South Omaha Electric W. F. White. 
Light Co., South Omaha, Neb. Harris J. Ryan. 
* D. C. Jackson. 


Total 17. 



TRANSFERRED FROM ASSOCIATE TO FULL MEMBERSHIP. 


Approved by Board of Examiners, December 7th, 1893* 


Greene, S. Dana Assistant General Manager, General Electric Co., 

Schenectady, N. Y. 

Eickemeyer, Rudolf President Eickemeyer and Osterheld Manufacturing 

Co., Yonkers, N. Y. 


Approved by Board of Plxaniiners, March 20th, 1894* 


Morrow, John Thomas 
Johnston, A. Langstaff 
Crandall, Joseph Edwin 


Supt. Electrolytic Plant, Boston and Montana Con¬ 
solidated Copper and Silver Mining Co., Great 
Falls, Mont. 

Consulting Engineer, Hestonville, Mantua and Fair- 
mount Passenger R. R. Co., 4300 Lancaster Ave., 
Philadelphia, Pa. 

Electrician. C. & P. Telephone Co., 619 Fourteenth 
St., N. W. Washington, D. C. 


Total 5. 


Tlie followiiiir applications for associate memberslup liave been 
received and will be acted upon at tlie meeting of Council, June 
20th 1894. 

A. L. Croxton, San Pi-ancisco : L. G. Lilley, Wyoming 0 .; 

Schenectady ; Prank H. Knox. Baltimore ; Paul A N. Winand, Phd^elphia, 
Prank W. Brady, Wellsburg, W. Va.; Goo. H. Harris, ‘up;.’ 

Frederick L. Hutchinson, Blizalieth ; Pdwin H. Bennett. Jr., Biwonne , Hu¬ 
bert Lloyd, PhiladelpMa; John E. Crigpl, Springflel^ Mass.: ^‘^ert Scheibk^ 
Chicago; John B. Blow!, Soheimetafly ; Arthur E. Childs, Philndete a, 
George Strahens, Peterborough, Ont.; P- 

Chicago ; Ailip G. Gossler, Brooklyn : K. Archbold, Boston ; 

Mayrltofer, New York ; 0 . C. Cliesney, Pittsfield, Mass.; h. 0 . Caldwell, 
Columbus; Joel W. Stearns, Jr., Denver; George S. Bliss, Pittsburg. Total - 4 . 

Any objection to tbe election of these candidates should be 

filed with tlie Secretary before that date. 
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The Peesident: —Ilaye you any otlier cominuiiication to 
make, Mr. Secretary ? 

The Secretary I Lave the sad aiiiiouiiceiuent to make, Mr. 
President, of tlie death of one of our esteemed uiemhers, Dr. 
Franz Schiilze-Berge, who is well known to the ])rofession, and 
who died on the 21st of March, in Brooklyn, N. Y. A suitable 
obituary notice has been lianded in, and w\\\ be printed in the 
Transactions. 

The President : — There is a communication liere from the 
Committee on Units and Standards, whicli 1 will ask the Secre¬ 
tary to read. 

The Secretary : — This recommendation of the Committee 
on Units and Standards is based on a letter from T. C. Menden¬ 
hall, Superintendent United States Coast and Geodetic Survey, 
TFashington, 1). 0,, in which he requests the support of the 
Institute. 


Nkw York, April 18tl), 1894* 

To the President and Council. 

American Institute of Electrical Engineers. 

Gentleinen :---your cominittee on Units and Standards beg-s to recommend 
that a I’esolution be forwarded to Congres.s from the Institute urging the pas¬ 
sage of the bill legalizing the electricih units adopted by the ( ’hieago"Congress. 

B. Crocker, Geo. A. Hamilton, 

W , D. We.\.vek, A. E. Kennklly, 

William E. Gever. 


The President :—Gentlemen, you liave lieard the communi¬ 
cation from the Committee on Units and Standards ? What is 
your wish ‘i ^ Wliat disposition of tlie case will you make ? Will 
you take action on it now ? 

Mr. Townsend Wolcott :—I would like to ask about the 
question of jurisdiction—if that is a proper thing for our society 
to do. I tliink it is a very desirable thing to do, and if it is also 
proper I should be in favor of it. 

The President :—The Chair does not quite understand. 

Mr. Wolcott: —Are we authorized to do such a thing? Is 
the American Institute of Electrical I]nginkers autlmrized 
to do such a thing ? 

The President : —I suppose it is competent for the American 
Institute of Electrical Engineers to do vdiat they may see iit 
in the premises. Of course, all tliey could do would be to make 
a recommendation. 

Secretary Pope :—I think this communication from the 
chairman of the committee will throw a little light on it. 

^ The President :—The Secretary will please read the letter 
directed by the committee to the President. 

The Secretary read the following letter: 

^ New York, April 18th, 1894. 

Professor Edwin J. Houston, 

President. 

^ Sir:—Our committee has signed the appended rough draft of a recommenda¬ 
tion to Goiineil, which can be considered at the next Council meeting. In the 



1894.1 


COMMITTEE OUT UNITS AND STAND AMDS. 


189 


meantime, however, in case of urgency arising, we suggest that the sense of the 
meeting be tahen informally. This might also serve as a notice that formal ac¬ 
tion will be taken at the next (annual) meeting of the Institute. 

Yours respectfully, 

A. E. Kennelly. 


Thk President :—If Mr. Hamilton or Mr. Crocker, or any 
other member of the committee would like to say anything 
about this matter, the Chair would be pleased to extend the 
courtesy of the floor to them. 

Prof. Francis B. Crocker :—The desirability of doing some¬ 
thing of this sort, is unquestionable, I think. But as to its forni- 
alityt possibly, some doubt might arise. Therefore, to avoid the 
latter question the committee suggests that the sense of the 
meeting be taken—to which, of course, there can be no objec¬ 
tion—and that formal action could be delayed until the next 
meeting of the Institute, which will bo the annual meeting, and 
which would certainly be proper time to take formal action. 
This statement will also serve as a notice that such formal action 
will tlien be taken. In the meantime tlie bill might come up in 
Congress, and it would be well if the officers of the Institute 
coulfl use the fact that the sense of the meeting had been taken 
at a regular meeting. 

The President ;—I see Mr. Hamilton and Professor Geyer; 
do they wish to add anything to what Professor Crocker has 

said ? , .TN T 

Mr. Georoe a. Hamilton I think what Professor Crocker 

has said covers the ground very thoroughly. 

The President :—Professor Geyer. 

Dr. William E. Geyi):r: —Of course, anything that we may 
do will not bind anybody, and as Professor Crocker has said, the 
idea is to find out wlietlier the Institute would approve of such 


The President :—Does Mr. Weaver wish to add anythmgf 
Do 68 ]V£r* ? 

Mr. a. E. Kennelly :—I have not anything to add to the re¬ 
marks made by Professor Crocker. 

The President :—Does any other member of the Institute 
wish to speak on this matter? If not, what action will the In¬ 
stitute take on the recommendation ? 

Prof. Crocker :—I move that it is the sense of this meeting 
that the passage of the bill legalizing the electrical units adopted 
at the Chicago Electrical Congress of 1893, be recommended. 

Mr. George M. Phelps Mr. Chairman, if you will permit 
me, I will suggest a slight addition, to make the action possibly 
stronger; and that is, that this meeting recommend to the general 
and annual meeting of the Institute to be held in May, a more 
formal endorsement and recommendation of the measure. I 
offer this because one or two speakers suggested that this meet¬ 
ing give its sense on this subject, and that the general meeting in 
May might take a more formal action. 
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Pkof. Crocker :—I accept that ameiiclmeiit. 

The President :—(Teiitlemen, it is moved and seconded, as 
yon have heard. Are you ready for the question ^ 

[The motion was put and carried.] 

The President: —I take great pleasure now in introducing to 
you Mr. I. H. Farnham, of" Boston, wlio will read a paper on 
the Destructive Effect of Electrical Currents on Sul)terranean 
Metal Pipes. 

Mr. Farnham :— 1 have had the honor and pleasure of being 
a member of this society for some time, though have never at 
tended but one of your meetings, so I feel almost like a stranger; 
I hardly know what your customary methods are. Perhaps, as 
the paper is printed, a synopsis is all that you usually have 
presented here. It lias occurred to me that as we need tlie room 
darkened in order to see the lantern diagrams, which renders it 
impossible for you fo read the paper as it is presented; perhaps, 
it will be as well for me to keep pretty close to the printed 
paper, and this I will attempt to do. 

The subject before us has frequently been discussed and some¬ 
times it has been very poorly presented. 1 will give you one 
example. There was a meeting of engineers in a city—no matter 
what city—a few months ago, and as this subject of electrolysis 
was to be talked about I was invited to be present. * A com¬ 
mittee was to report upon the matter. The committee had been 
in existence for a year, and the three members of it each 
made a separate report. The first one had found some gas 
pipes in months gone by, which he lielieved, had been destroyed 
by electrolysis, but of late he was not so sure about it. He 
tfiought that there might be some doubt as to whether electrol¬ 
ysis was really doing any damage in that city. The next mem¬ 
ber of the committee related the fact, that in his city they had 
connected an incandescent lamp from the gas pipe to the water 
pipe in a cellar, and the current which flowed there lighted the 
lamp. The last one, whose remarks were really the most inter¬ 
esting, came forward with a specimen pipe in his hand and said, 
“ I have something to show you, electrolysis materiali^sed.” 
He knew it was a case of electrolysis, because he saw it take 
place. He said that a trolley wire broke, and it swish-swashed 
sometime through tlie air, and finally struck a gas post, and in 
striking the gas post it produced “ this hole in the pipe,” which 
he showed. I don’t know whether that is a sample of all these 
meetings and papers, but that is one at which I happened to be 
present. If, now, I am able to give you a little outline of the 
work we have accomplished in this fiela it may form a sufficient 
basis for your discussion. 

Mr. Farnham then read tlie following paper: 



A paper presented at the Sbth Meeting of the 
American histitiite of Elect7‘ical Engineers^ 
New Vorky April iSthy Presideftt Houstoti in 
the Chairy a7id at Chicagoy April ‘i^thy i8Q4y 
Lieut, Samuel Rodmany Jr. in the Chair. 


DESTRUCTIVE EFFECT OF ELECTRICAL CURRENTS 
ON SUBTERRANEAN METAL PIPES. 


BY ISAIAH H. FARNHAM. 


For the past year or more, there have been read before water, gas 
and electrical engineering societies all over this country, papers 
on the subject of electrolytic corrosion of water pipes, gas pipes 
and lead cables. In fact, a meeting of such societies is incom¬ 
plete to-day without some discussion on this subject. It was, 
therefore, with hesitation and misgivings, that I considered the 


written invitation from the officers of the Institute, to prepare a 


paper on the “ Electrolytic effect of currents on subterranean gas 
and water pipes.” A prominent officer of the Institute urged 
that as I was undoubtedly the first to discover and satisfactorily 
prove that this action was destroying cables, I ought to give the 
society an account of ray investigations and the results. On this 
suggestion, tlie promise was made to lay before you such facts as 
opportunity would allow. If sufficient data may be presented to 
form a nucleus for the evening’s discussion, it will, I am sure, be 


of some practical value. 

Early in the summer of 1891, some lead-covered telephone 
cable removed from wooden ducts in Boston, showed very 


marked yet local spots of corrosion. The cause of the corrosion 
was generally attributed to acetic acid contained in the wooden 
conduit, which had, years before, caused corrosion on a few cables 
in certain sections of the city. In the case just mentioned, the 
corrosion was so severe, and located in spots only, that it led me 
to attribute the cause to electrolytic action from the railway cur¬ 
rents, and a letter was written to my company to that effect. 

A few months later, the lead covering of a cable, (No. 208) 
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resting upon the ground in manhole chamber No. 76, located at 
the corner of Berkeley and Newbury streets, was found eaten 
entirely through at the point of contact with the earth. I then 
felt certain the cable had been destroyed by the action of the cur¬ 
rent. With Mr. W. I. Towne, my assistant, I proceeded to 
prove the theory. 

We took measurements between the cable and theearth, the cable 
having been repaired and raised from the ground, and found 1.5 
to 2 volts difference of potential, the cable being positive to the 



Fig. 1. 


earth. A barrel of earth was procured from an excavation in the 
street, a metal plate placed beneath the earth in the barrel, and 
two short pieces of lead cable placed side by side on top of the 
earth. The plate in the bottom of the barrel was then connected 
to the negative side of a storage battery giving 4 volts potential, 
and one piece of the cable lying on the earth, was connected with 
the positive pole of the storage battery. The second piece of 
cable in the barrel was left without electrical connections. The 
earth was then saturated with water, and the circuit was closed, 
allowing the current to pass from battery to cable, to earth, to plate 
and to battery, for seven consecutive days. The pieces of cable were 
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then examined, and the piece which had been connected with the 
battery found badly pitted, closely resembling the cable which 
had been destroyed, while the second piece of cable showed no 
corrosion whatever, proving conclusively that a current such as 
was found in the manhole, was sufficient to cause the damage 
that had been found, and that the corrosion was not, (in the ease 
of the experiment at least), due to any acid or salts in the earth. 

Fig. 1 shows the barrel experiment, and Fig. 2 is a photo¬ 
graph of the cable No. 208, which has been described as found 
resting on the earth in the manhole chamber and corroded 
through; also the pieces experimented upon in the barrel. That 



Fig. 2. 


shown in the center of the photograph is cable No. 208. 

In addition to the experiment just mentioned, we in 

the bottom of manhole chamber No. 76, two short pieces of cable, 
one of which we connected by a wire to cable No. 208, which 
had been damaged by electrolysis. (It should be understood that 
the damaged cable had been repaired, and removed from the bot¬ 
tom of the chamber.) Fig. 3 shows the arrangement of this ex¬ 
periment. At the end of six weeks, the pieces of cable were re¬ 
moved and examined. The one which had been connected with 
cable No. 208, was deeply pitted,^ while the other piece was 
free from corrosion, as shown in Fig. 4, which is from a photo¬ 
graph of them. 

1. The plumbers of Omaha, Neb. apply the name of ‘ small-pox pipe’* to 
that pitted by electrolysis. 





194 


FARJS^HAM ON FLEGTMOL YTIC EFFBOTB. [April 18, 


These experiments, with several others of minor importance, 
satisfied all who were interested, that electrolytic action was 
destroying cables, and probably gas and water pipes. 

It next became necessary to prove to the electrician of the 
railway company, that the current causing electrolysis, was from 
the railway system, and not from a leak in the Edison or some 
other electric lighting system. 

Measurements were made between the cables in all manholes, 
and the earth near the cables, for voltage and direction of current. 



Bradley ^ Boaten, If, V, 


Fio. 3. 

It was found that within a radius of about 2000 feet from the 
Albany street power-house, cables were negative to the earth, 
ranging from zero to 2 volts, and that outside of this neutral line, 
they were positive to the earth from zero to 12 volts. This con¬ 
dition prevailed until a point was . reached near the East Cam¬ 
bridge power-house, when they again passed a neutral line and 
became more and more negative as that power-house was ap¬ 
proached. The same conditions were found as the Allston rail¬ 
way power-house was approached. On obtaining suflScient data, 
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maps were drawn, showing voltage between cables and earth 
throughout all sections of the city. This is shown in map, 
Fig. 5. 

In addition to the figures placed beside the several routes of 
cable conduits, showing the direction of current and its pressure, 
we have colored red, such portion of the map where at that time 
we found the cables positive to the earth. We may call the red 
portion of the map, the danger territory. These potential meas¬ 
urements, though taken for other purposes, incidentally furnished 
all the proof needed to convince one that the railway power was 
the source of the troublesome currents. 

At the time the map was made, and previously, the railway was 



Fro. A, 


operating with the negative pole of the dynamo to the trolley, 
the positive side being to the rails. 

Fig. 6 is intended to illustrate this condition. It shows the 
passage of current from the dynamo to the rails, and the passage of 
a portion of the current from the rails to the calfies within the 
neutral or zero line, and from cables to rails outside of this zero line. 
The danger of electrolysis is only where the current is leaving 
the cable or pipe through the moist earth, hence the dangerous 
district was at this time outside of the zero, or neutral line, as 
shown both on the map (Fig. 5) and in this Fig. 6. 

Having outlined our early experience in running down this 
new trouble, we will next mention some of the proposed and ap¬ 
plied remedies. Several conferences were held for the purpose 
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Fig. 5. —Showing where corrosion was going on when first brought to notice. 
The shaded portions of the map are referred to in the paper as colored red. 
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of suggesting and discussing means for preventing the destruction 
of the cables, at which the officers and experts of both the rail¬ 
way and telephone companies were present, and it should be said, 
that the railway company in Boston has shown a disposition to 
adopt any promising plan for overcoming the evil, save, perhaps, 
the abandonment of the rails and earth as a part of the circuit. 

First: It was proposed to remove all cables from the wet bot¬ 
tom and sides of the so-called manholes. It was found very 
difficult to place and retain cables free from the wet sides, and 
even could this have been accomplished, the action at the mouth 
of the ducts and within them, would still have continued. They 
were, however, all removed from the bottom of the manholes. 

Second: It was suggested that the cables might be connected 
to ground plates in the manholes, and so transfer the electrolytic 



action to these plates, and thus save the cables. This experiment 
was tried on an extended scale, but though many ground plates 
having a surface of several square feet each, were connected with 
the cables over a large portion of the city, it w^as found that volt¬ 
meter readings taken between the cables and a point on the eai*th 
a short distance removed from the ground plate in any manhole, 
gave nearly the same pressure as before the ground plates were 
connected. 

In some cases, the voltage between the cables and the earth was 
reduced 25^; in many others, no noticeable reduction was made. 
The ground plates were constructed from pieces of old lead cable, 
6 to 10 feet in length and embedded in the wet earth at the bottom 
of the manholes. It was evident from this test, that ordinary 
ground plates would not prove of material advantage for protect¬ 
ing the cables. 

o 
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Third : Prof. Elihii Thomson suggested, among other possible 
remedies, the placing of motor generators at different points 
along the railway line, wherev'er the cables and pipes are found 



LEAD CABLE 

Fig. 7. 

to be in danger, the motor generators to be opei*ated ])y tlie rail¬ 
way power current; the secondary current developed by these 
generators to be utilized to lower the potential in the cables and 
pipes to zero, wn'th respect to the surrounding eartl) oi* rails. The 
suggestion included means for automatically starting and stop¬ 
ping the generators, as cables might become |u>sitive ov negative 
to the rails. The motor generators would, so to speak, pump 
the current out of the cables, and force it into the rails whenever 
the potential of the former sliould rise above zero. Fig. 7 illus¬ 
trates this suggestion. This plan has not yet been put into 
operation so far as I am aware. 

Fourth: Insulating the cables and pipes from the earth was 
proposed. As some of the worst cases of corrosion of cables by 
electrolysis occurred where they were painted with asphalt, 



Fig. 8. 


taped, painted again, and finally covered again with a heavy 
braiding also saturated with asphalt, it was apparent that to insu¬ 
late cables sufficiently to protect them, would be difficult and 
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expensive, if indeed practically possible. Figures 8 and 9 show 
specimens of corrosion of cables which had been treated with 
asphalt, tape and braiding. To protect water and gas pipes by a 
sufficient insulating jacket was seen at once to be impracticable. 

Fifth: Breaking the metallic continuity of the cable sheath 
and pipes was proposed. From the fact that severe action is 
frequently found in comparatively isolated spots, where cables 
and pipes cross each other, or pass near or across the rails, it fol¬ 
lows that any system of breaking the metallic continuity, would 
ha.ve to be studied with reference to the entire complicated sys¬ 
tem of pipes, cables and rails ramifying through the streets 
of a city. There would also be a difference of potential between 
the several sections of cable or pipe, severed metallically, tending 
to cause electrolysis at one end of each section, as illustrated in 



Fio. 9. 

Fig. 10. In case of water pipes, treated in this manner, the ac¬ 
tion might be expected on the interior as well as on the exterior. 

There appears to be some evidence of such an action as this 
in gas and water pipes where the electrical continuity is partially 
broken by leaded joints. Fig 11 shows an iron service pipe 
from the Cambridge gas system. It will be noticed that the 
action is most severe at points immediately on either side of the 
coupling. The reason the corrosion appears on both sides of the 
coupling in this case is not clear j it may be due to reversal of 
current on the railway system. We have observed other speci¬ 
mens similar to this, which may tend to show that for cui rents 
of low pressure, the resistance of joints materially affects the 
results. I will again refer to this question in connection with 

potential differences in water mains. 

Sixth : My assistant, Mr. Towne, suggested that the railway 
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current might Be so frequently alternated, as possibly to prevent 
serious action on the pipes and cables. The theory was, that be¬ 
fore the oxygen gas, liberated by the current, should have time 



to attack the metal, the reversal of the current would disperse it. 
A careful experiment was conducted, extending over a period 
of ten days, employing a pressure of current of from three to 
seven volts, and alternating its direction at regular periods of one 
minute, by specially devised apparatus. No material change had 
taken place in either plate during this period of time. We then 
considered the practicability of reversing the railway current 
frequently. It seemed possible to reverse it once each 24 hours, 
at a given time in the night when the load is comparatively 
light. To do this in a large system involving several power 



Fig. 11. 

. t 

stations would require either a loss of current for a few minutes 
in order to guard against one station reversing before some other 
had opened or reversed its current, or would require some elec- 






















Fig. 13.—Condition after current was reversed by West End Co. The shaded 
portions of the map are referred to in the paper as colored red. 
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trical system connecting the several stations together and opera¬ 
ting the reversing apparatus simultaneously. We concluded it 
would be very difficult, if indeed at all practicable, to reverse 
such heavy currents during regular traffic. We then renewed 
the reversing experiment, giving 24 hour periods between each 
alternation, but found at the end of two weeks, to our sorrow, 
that the plates subjected to the action of the current were seri¬ 
ously electrolyzed. It seemed useless to pursue this line of 
work further at that time. When alternating current motoi’s 
become practicable for use on street cars, advantage may be 
taken of the fact that such currents appear not to cause electrol¬ 
ysis to the extent of injuring pipe.j and cables exposed to them. 

Seventh: At about this stage in the study of the prob¬ 
lem, Mr. Fred S. Pearson, then engineer of the West End Street 



Railway Co., made two suggestions which, thougli separate in 
themselves, and presented at different dates, yet canned out in con¬ 
junction, have proved exceedingly helpful in overcoming the diffi- 
culty, at least so fai* as relates to telephone cables. It occurred tO' 

Pearson first, that if the railway current should be reversed sO' 
that the positive pole would be connected with the trolley, the 
danger of electrolysis would be removed from the greater and 
more scattered portion of the city, and be brought near the power 
stations where it possibly could be more easily dealt with. This re¬ 
versal was made and the expected jiotential changes between ca¬ 
bles and earth followed. Fig. 12 is a map of Boston, showing the 
condition after the reversal of current. The red or dangerous- 
portions in this map, correspond to the white or safe districts in 
the map shown in the first of this paper (Fig. 5), the only varia¬ 
tion being, that by the reversal, the neutral or zero line was 
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thrown out a little further from the Albany street power-house 
than it was located before. It was also noted that the cables near 
the power-house which liad been from one to two volts negative 
to earth before the change of current, were now one to nine volts 
positive to earth ; that is, they were raised higher above zero 
than they had been below zero prior to the reversal. Fig. 13 is a typ¬ 
ical representation of the current flowing through trolley, car, rails 
and cables at this time. It will be readily understood that with 
the conditions as illustrated in this figure, the electrolytic action 
would be confined to the territory comparatively near the power 
stations where the current is leaving the cables to reach the 
negative or rail side of the dynamo. 

Mr. Pearson next suggested the yflan of running out large cop¬ 



per conductors from the negative side of the dynamo and extend¬ 
ing them through the dangerous district, connecting them at 
frequent intervals to the cables. lig- diagrammatically illus¬ 
trates this plan. On the principle involved in Prof. Thomson’s 
motor icenerators, this low resistance conductor connected direct- 
ly to the dynamo, was to pump the current from the cables and 
so prevent its passage into or through the moist earth. Some 
of us were skeptical as to the completeness of this proposed 
remedy. It seemed possible that even with such a good return 
conductor, some of the current might still pass into, and through 
the earth. Voltage measurements, however, at once dispelled 
the doubts, for we found that the cables measuring 9 volts positive 
to earth, gave a reading of 22 positive to the return conductor; that 
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is, the return wire as relating to the cables, was at all points, more 
negative than the earth (if we may be allowed the expression). The 
return conductors were made up of a large number of No. 18 
copper wires formed into cables about one inch in diameter, 
known as conductors of 500,000 circular mils. These conductors 
were extended in each direction from Albany street power-house 
entirely through this dangerous district, its longest section being 
about 4,300 feet. The cables in every manhole within the district, 
were connected by several No. 12 copper wires to the return con¬ 
ductor and soldered. On first connecting the cables to the return 
conductor, which took place Dee. 24, 1892, the current was 
sufficient to melt several strands of No. 12 wire. A measure¬ 
ment for current flowing in the main return conductor which was 
used for relieving the cables only, gave over 500 amperes. 

It may be interesting here, to note comparative voltages in the 
district near the power-house, as given in the accompanying table. 
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Fig. lo is from a photograph taken in one of the manholes 
showing the connection of the cables to the return conductor; the 
limited size of the manhole prevented my obtaining a view of all 
the cables. 

The map, Fig. 16, illustrates the condition after the installation 
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of the return conductor at the Albany street station. The red 
patch which existed in that locality is now removed, and the 
cables are all negative to earth. The remaining red patches or 
dangerous sections were corrected by taking similar means of 
reaching the East Cambridge power-house. In treating this lat¬ 
ter case, many measurements were made to determine whether or 
not the railway return wires put up to take the current in a 
measure from the tracks, would answer for a return for the cables 



Fig. 15. 


instead of using a special return conductor as had been employed 
at the Albany street district. It was found that they would not 
serve the purpose, since the potential of these track return wires 
varied constantly and was frequently above that of the earth. 

The cables on the Boston side of the draw of West Boston 
bridge, proved to be positive to both the rail and the water, 
while on the other side of the narrow draw, the opposite condition 
existed, showing at once, that it was unsafe to assume any neu- 
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tral lines or potential difiference, without making measurements to 
determine the absolute facts. 

So far, this paper has dealt particularly with the subject of 
protection of lead covered cables. It might be inferred that 
water and gas pipes can be treated in precisely the same manner 
with the same results, or as water pipes have a much greater 
sectional area of metal, it might be presumed that simply a con¬ 
nection of such pipes to the dynamo at the power station would 
be sufficient to bring their potential down to zero throughout the 
dangerous district. The facts so far coming to our notice, would 
materially modify such inferences, and therefore should find a 
place here. ‘ 

That iron pipes are as truly subjected to the corrosion as lead, 
need not be stated to the members of this society, but for the 
benefit of city officials and others who may read the paper, it 
should be plainly stated that they are quite as readily destroyed 



Fig, 17. 

by electrolysis. Fig* 17 is from a photograph of an iron gas 
pipe taken from Brooklyn, N. Y. 

The City Engineer of Milwaukee, Mr. G. H. Benzenberg, has 
kindly sent me a photograph of a six-inch iron water main, badly 
corroded. It is the best specimen of cast-iron pipe I have been 
able to obtain, although not the most serious case of corrosion. 
Fig. 18 is from the Milwaukee specimen. 

• Mr. Benzenberg writes that the trouble in that city was chiefly 
noticed upon the six-inch water main extending 100 feet on each 
side of a point opposite the railway power station. Services en¬ 
tering this main were also destroyed, and all were renewed three 
times during the past two years. He states further, and I quote 
his own words, “ at other points where power-houses were estab¬ 
lished thereafter, the mains were immediately connected by extra 
heavy copper wires with the generator; we have had no trouble 
with them so far”. 
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Mr. 0. H. Tripp, engineer at Eockland, Me., recently fur¬ 
nished me with a specimen of wrought-iron pipe destroyed in five 
months; the fact is of special interest as it comes from a city 
having but a small railway system. 

In Boston, there have been water, as well as gas service pipes 
corroded through by electrolysis. I have not learned of any 
mains having burst from this cause. Measurements of water 
pipes in the city indicate they are still in danger, notwithstand¬ 
ing several thoroughly made connections with the pipes at the 
power station; the same is true in Cambridge, Mass. This leads 
me to call attention to an interesting series of inquiries. 



Fig. is. 


The engineer of the Water Board at Eochester, N. Y., sug¬ 
gested to me, a short time ago, while looking into the question 
of electrolytic action upon the pipes in that city, that possibly 
there might be sufficient resistance in the joints of the water mains 
to cause an action upon the lead ring which forms the connection 
between sections of pipe. He stated that not unfrequently there 
is found a film of moisture between the pipe and this lead ring, 
and as the pipes are coated with a preparation of tar or asphalt 
on both the inner and outer surfaces before they are laid, there 
might be a poor electrical connection. Without having made 
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any inquiries or tests upon tliis point, it seems to me probable 
that the careful calking which is given these lead rings, would 
form in some portion of each joint a good electrical connection; 
that is, one of very low resistance. Recent measurements how¬ 
ever made in Boston, and others made in Albany, during* the 
latter part of March, this year, convince me that there is a very 
appreciable resistance in such joints. 

Fig. 19 will illustrate the conditions at Albany. We found 
the negative side of the dynamo to be connected with the rails, 
and with ground plates in old wells; no connection had been 
made with water or other pipes. Directly in front of the 
power station the voltmeter indicated a })ressure of 20 volts 



Fig. 19. 


between water pipe (an 8 inch cast-iron pipe) and the rail, the 
pipe being positive. A reading taken about 300 feet in either 
direction, up or down the street, indicated about 18 volts. At a 
point 1200 feet north, the reading was lowered to 12 volts. We 
then connected the rail side of the dynamo to the street hydrant 
and took new readings, finding 1 volt at the station, 7 volts at 
300 feet distant, the same south, and 8 volts at a point 1,200 feet 
north. 

These measurements, with similar indications in Boston, show 
plainly that there is a very appreciable resistance in the 
water-main joints. At the same time the measurements give 
fair evidence that the difference of voltage between any two 
sections of water pipe is very small. The interested parties at 
Albany have kindly consented to allow any facts or figures ob¬ 
tained there in reference to this subject to be placed in this paper. 
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Fig. 20 is from a photograph of a piece of lead service pipe 
at Albany. 

A few measurements made through the danger district will be 
of interest. The station is situated near the southern extremity 
of the city. The danger district extends north about one mile 
and over this portion of the district the following figures were 
obtained. They were taken at nearly uniform distances of about 
500 feet, beginning at the station. 


MEASUREMENTS IN THE DANOER DISTRICT. 
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It is proposed at Albany to extend large wires (0000) through 
the dangerous district, one wire for each system of pipes, con¬ 
necting the pipes to them at frequent intervals. 

It is probable that the remedy which has been applied to tele¬ 
phone cables in some cities, has been the more positive from the 
very failure, so far, to thoroughly protect the other systems of 
pipes against electrolytic action. Fig. 14 (already shown) may 
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assist to a clear understanding of this. The cables are here 
connected by a large wire to the dynamo, while water pipes 
are not so treated. Therefore, the current which enters the 
water pipes at points outside the danger district passes to the 
neighborhood of the power station, and, in leaving them there, 
raises the potential of the earth about the cables. In other 
words, the current flows from the water pipes to the ground and 
thence to the cables in order to reach the dynamo. 

Connecting any one system of pipes to the dynamo, will, in a 
measure, protect other systems of pipes, but connecting all sys¬ 
tems i*eduees the certainty or margin of certainty of protection 
to any one system. This will be apparent from a little study of 
Figure 14 just referred to. 

When all cables and pipes in the danger district, are connected 
by sufiiciently large conductors to drain them, a careful adjust- 



Fio. 20. 

ment in resistances in these seyeral conductors may be found 
necessary in order to insure a balance between the several sys¬ 
tems of pipes. It may lead to the necessity of reducing the 
carrying capacity of the conductor returning to the dynamo from 
the rails themselves. 

The question has already arisen, and it doubtless will be re¬ 
peated here,—How small a difference of potential between pipe 
and earth will cause electrolytic action ? ” In reply to this, it 
may be stated that some of the worst cases of corrosion in Boston, 
have occurred where the difference was but one and one- 
half volts. Mr. A. T. Welles, of Chicago, in describing to me 
an examination of some of the first cases in Cincinnati, states 
that the “ difference of potential between the cables and the rail, 
was never more than one-half, and usually less than one-quarter 
volt.” Such a difference between cable and rail would mean a 
much less difference between cable and earth, where electrolysis 
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takes place. Mr. John 0. Lee, of Boston, lias experimentally 
caused the corrosion on lead and iron by a diflFerence of potential 
of volt.^ 

These facts certainly indicate that but a very small pressure is 
necessary to produce the action and should dispel the numerous 
statements that well bonded rails or a large amount of rail return 
wires will alone overcome the trouble. In some cities, where 
electrolysis is in progress to-day, the return copper nearly equals 
that of the trolley and feed wire system. We cannot force the 
current to take one path exclusively when others are open to it. 

The facts given above, with others similar, though not enume¬ 
rated, lead me to these conclusions: 

1st. All single trolley railways employing the rails as a portion 
of the circuit,, cause electrolytic action and consequent corrosion 
of pipes in their immediate vicinity, unless special provision is 
made to prevent it. 

2nd. A fraction of a volt difference of potential between pipes 
and the damp earth surrounding them, is sufficient to induce the 
action. 

3rd. Bonding of rails, or providing a metallic return conductor 
equal in sectional area and conductivity to the outgoing wires, is 
insufficient to wholly prevent damage to pipes. 

4th. Insulating pipes sufficiently to prevent the trouble is im¬ 
practicable. 

5th. Breaking the metallic continuity of pipes at sufficiently 
frequent intervals, is impracticable. 

6th. It is advisable to connect the positive pole of the dynamo 
to the trolley lines. 

7th. A large conductor extending from the grounded side of 
the dynamo, entirely through the danger territory and connected 
at every few hundred feet to such pipes as are in danger, will 
usually ensure their protection. 

8th. It is better to use a separate conductor for each set of 
pipes to be protected. 

^ 9th. Connection only at the power station, to water or gas 
pipes, will not ensure their safety. 

10th. Connection between the pipes and rail, or rail return 
wires, outside of the danger district, should be carefully avoided. 

1 . Experiments completed since the writing of the paper produced marked 
corrosion by currents of less than i volt, this was illustrated by a lantern slide, in 
which the pieces of lead wire themselves were shown magnified upon the screen. 



1894.] 


FABJSfHAM ON ELECTROL TTIC EFFECTS. 


213 


11th. Frequent voltage measurements between pipes and earth 
should be obtained, and such changes in return conductors made, 
as the measurements indicate. 

In closing this somewhat rambling paper, I can do no better 
than use words which will remind you of Patrick Henry; ‘^eternal 
vigilance ” will be the price ” of pipes and cables where con¬ 
ditions favorable to electrolysis exist. 

Boston, Mai*ch 30, 1894. 


At the conclusion of the paper, the author presented a 
number of views upon the screen, in addition to those which 
form part of, and are printed in the body of the paper. 

Among the most interesting were: 

1. A map of Boston, showing the district in which the water 
pipes (by recent measurements) are in danger of electrolytic 
action. 

2. Many samples of electrolyzed pipes, both iron and lead. 

3. Specimens of lead pipe, showing the effect of corrosion pro¬ 
duced by a current having a pressure of less than one-half volt. 

4. Two views, showing method of making the voltage meas¬ 
urements between pipes and the earth. 

5. A view, showing the process of electrolysis going on, by 
which a tinfoil pipe was eaten through, allowing a colored liquid 
to mix with water, and making a very interesting picture on the 
screen. 
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Discussion. 

The President :—I will call on Professor Plympton to open 
the discussion on this interesting paper. 

Prof. Geo. W. Plympton i-J came here as a learner to-night. 
I had many questions to ask, and a good many have been answered 
by Mr. Farnham’s paper. I have been accustomed ever since I 
had any experience with this troublesome question to consult Mr. 
Farnham’s opinions, which I have obtained frequently at second 
hand through the scientilie papers. We have a large mileage of 
trolley in Brooklyn as everybody knows. The papers assure you 
of that every few days. Gur first experience witli electrolysis 
dates from about a little more than a year ago. We had heard 
of that in Boston, of course, before we had any experience in 
Brooklyn. In framing the franchise for the trolley roads there 
was fortunately a clause inserted, not through any provision of 
the aldermen or commissioners, but which iMaced responsibility 
upon the trolley companies for any mishaps to any underground 
pipes, wires, cables or the like. That was placed* there, not be¬ 
cause electrolysis was thought of at the time, I think, but because 
it was supposed that in tlie process of digging up streets tliey 
might interfere witli gas and water pipes, so tliat the responsilhl- 
ity is clearly acknowledged and tliey accept the situation, and they 
are taking all the means that they can with due regard to econo¬ 
my, which they always observe, of course, to prevent any serious 
deterioration. So in their experimenting, as tliere are four com¬ 
panies and four sets of engineers, their experiments have been 
to some extent along different lines. I am sorry to believe that 
we have not got the full measure of the damage that has been 
done. So much as has been exhibited, and you saw some of the 
specimens on the screen, was such as lias * made itself known 
through the entire failure of pipes and cables. It is reasonable 
to suppose that ten times as many examples could be found which 
would be nearly as liad as those exhibited, because there has been 
no digging down in the ground in search of such cases of corro¬ 
sion. Water pipes, gas pipes and lead coverings of cable have 
all suffered. Telephone companies wei*e tlie first to find it be¬ 
cause of slight perforations of the insulation. Leakage of water 
pipes have made themselves knowm in one or two cases where 
they were near enough to the surface. In one of the cases ex¬ 
hibited, one pipe had been destroyed in three or four months. 
It w’-as an iron pipe very near the' rail. It was replaced by a 
larger pipe, and that was perforated in thirty days. So that'the 
rapidity of the action warned us there, that it was time to look 
about quite actively. We have held numerous conferences with 
the engineers and they have promised to take all proyier means 
for taking care of their own current. That is the thing, of 
course, for the trolley people to do. That they are aware of; 
they have been sufficiently warned of it. One thing I feel a 
little concerned about, and I take time only to mention it and 
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that is this seventh conclusion: ‘‘ A large conductor extending 

from the grounded side of the dynamo, entirely through the dan¬ 
ger territory and connected at every few hundred feet to such 
pipes as are in danger will usually ensure their protection.” 
True, so long as that connection can be kept up. Will it not be 
necessary to'make such a connection in such place that we can 
examine it every once in a while ? Will it do to make a connec¬ 
tion and cover it up ? What shall it be—copper wire ? Can we 
solder a copper wire to an iron pipe ? Can we make a connection 
that will remain good and without increasing its resistance ? Lo¬ 
cal action will set up a corrosion, and as to solderipg, in the 
ordinary sense of the term, it seems to me impracticable. So 
that we have some fears that whatever precautions they take of 
that kind, may prove insufficient after a little while or else that 
they will need constant attention, and that we shall need a large 
corps of inspectors to prevent serious injury. 

The numerous ways of bonding the wires are the things that 
the trolley people exhibited there as the means of preventing 
injury, and two or three have been exhibited in the last week or 
two. One, that of making the rails continuous has been, I believe, 
tried in Boston. It is about to be tried in Thirty-ninth street, 
Brooklyn. The apparatus arrived the other day for welding the 
rails. The engineer of the company assured me that they would 
make tlieir rails continuous within the limits of the city. An- 
otlier bond, which bears the name of Vail, I think, has been 
suggested, where three large rivets are made tapering, and driven 
into the rail and riveted down, each rivet, half an inch in di¬ 
ameter, and then with a half-inch conductor extending beyond 
the joints, and then another set of three rivets. That has been 
exhibited as one of the best bonds that is known. 

Of course, as Mr. Farnham says, the current will still be 
divided between the rail and the moist earth in proportion to 
their relative conductivities. You cannot convey all of that 
current back by the best conductor that j-mii can put in^ the 
ground. So the method of relieving the pipes of that positive 
charge, where the corrosion has been set uj), is the best way to 
ensure the protection. But in regard to its permanency, as I 
said before, I am inclined to feel some fear. 

The question with us, of course, is in the experimental stage. 
We shall accumulate more within a year, but in that time I fear 
we shall hiid a good deal more damage done, for the reason that 
it is only where the corrosion has been so bad that the pipe or 
the cable has failed, that our attention has been called to it. No 
doubt corrosion is going on at this hour over a very large extent 
of territory. We shall accumulate more information, I presume, 
within the next season. But for the best we have been able to 
do, with the information we had, we felt all the time indebted 
to the very able and systematic way in which the investigations 
have been carried on, and the methods taken to ensure success in 
Boston. 
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Me. Townsend Wolcott:— One very interesting point is the 
small voltage which -will corrode a cable in the earth. We are 
generally familiar in electrolyzing solntions with voltages of one 
volt or over—-a,lmost any solution—over one volt. But I take it 
that the conditions in the damp earth are such that the corrosion 
is just about ready to go on anyway, and a vei-y little help will 
make it go. In decomijosing water, for instance, it takes about 
1.48 volts, if I remember; but in that ease you have to supply 
the energy to break up the chemical combination. But the way 
it probably is with a cable in the earth, the chemical action is 

just ready to take place, and it only requires very little to 
start it. 

With regard to the question about the voltmeter, it may be 
well enough to say that, if the voltmeter has high enough 
resistance you do not have to be at all particular aboul; contacts. 
With a high resistance voltmeter you can take a storage battery 
out of the solution, and when it is apparently diy you o'et ex¬ 
actly the same voltage as with the acid. A low resistance volt¬ 
meter, of course, would not show that. But if it is a hivh 
resistance voltmeter it will give the full voltage. ® 

Me. a. E. Kennelly : — Mr. Chairman and Gentlemen, I 
think that I only echo the general sentiment in saying how 
much I have enjoyed listening to the paper of the evening,Vhieh 
IS the first, I think, that has given us clear and pi-ecise i'nforma- 
ti<m, thoroughly and interestingly placed before us, upon this 
subject which is of great practical importance. But in some of 
the generalizations which Mr. Earnham makes, I have the honor 
to differ from him, and I beg to submit eei-tain criticisms upon 
them. I wish to take the stand that it is not, as stated in the 
sixth generalization—that it is not necessarily good policy to con¬ 
nect the positive pole of the dynamo to the trolley lines”, and for 
this reason, that supposing you are grounding one terminal of 
your dynamo w;hich is sujiplying a total current distributed to 
your trolley wires, say of a thousand amperes, that thousand 
amperes goes into the ground on your district, and it has to 
come out of the ground at the point of your ground connection 
to the dynamo. Now, if you bury in the ground a large mass 
ot iron pi[>e, or lead tube, or metallic conductor of any kind, 
that metallic conductor will, perhaps, absorb a large fraction of 
the thousand amppes. Let us say it absorbs 750 amperes. The 
metallic system will have 750 amperes entering it and 750 am¬ 
peres issuing from it. Now, when you have tlie negative pole 
to line, the current will go from your ground plate, will enter all 
this mass of metal in the vicinity, and there it will do no dam- 
age, because where it enters the iron or lead, hydrogen is given 
off, as we have seen represented on the screen. But it will issue 
from the iron or lead over a larger area in the remote districts— 
a very largje “ danger ” area, an area as shown on the chart this 
evenmg of several square miles. That large area will be in 
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danger of corrosion, and tliere will l)e corrosive electrolysis go¬ 
ing on all over that area to the extent of 750 amperes collec¬ 
tively. But when you reverse the current, as is suggested as 
advisable in the sixth conclusion of this paper, you reverse that 
condition of affairs. All the distant district is free from danger 
and all tlie oxidizing and corroding effect is close to you; but 
the 750 amperes are still there and are now actively corroding 
a much smaller surface. It is the surface in the immediate vicin¬ 
ity. Instead of being spread over, as shown on" the map in the 
previous case, several square miles, the same total corrosive 
electrolysis is spread over, perhaps, half a square mile. The 
danger area is reduced, but the danger is greater, because the 
activity is consequently augmented in that district. You have, 
say, twenty times the amount of corrosion ^^oing on over a given 
surface of pipe, and the result is you will eat through those 
pipes twenty times as rapidly, and if the danger is in bursting a 
pipe you will probably burst it twenty times as soon under those 
circumstances. But if, as Mr. Farnliam says, we prevent that, 
as was done so skilfully in this case, by throwing^ out a ground 
feeder, which prevents the current from emerging out of the 
pipes into the suiTOunding soil near the power-liouse, why then, 
coupling together the sixth and the seventh conclusions, all is 
well; you have stopped the corrosive action. But unless you do 
couple together the sixth and seventh suggestions, you are likely 
to cause more danger by having tlie positive pole to line, than if 
you have the negative pole to tine. The fact Mr. Farnham men¬ 
tions, that he did have trouble with his lead-covered cables while 
the negative pole was to line, but did not have trouble when the 
positive pole was to line, is an argument in his favor. But he 
would probably have had electrolysis on the cable in one district 
or another whichever happened to be the danger district, if the 
lead had been suitably placed for electrolysis, and a lead cable 
of this kind is singularly liable to be spoiled by electrolysis. 
The resistance of an ordinary lead telephone cable sheath, as we 
know, is much greater than that of a large iron water pipe. 
But being continuous, and having very few or no unsoldered 
joints, it has far less resistance than a large iron pipe with a 
large number of po6r electrical joints. The result is that where 
there is an opportunity for the lead sheathing to be corroded at 
any point, there will be active corrosion, and at that point those 
destructive effects so fully brought out in this paper will be 
produced. 

Furthermore, I would like to point out that the diflfei’ence of 
potential as measured by a voltmeter between a cable sheathing 
and the ground in its vicinity, is not necessarily a criterion of the 
degree of corrosive activity taking place at that jpoint. If the 
direction of the p. d. is such that the cable is positive, there will 
be a corrosive current there, or a tendency to produce a corro¬ 
sive current. But if the p. d. is three volts or four volts, the 
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corrosive current is not necessarily twice as strong as if the p. d. 
were one and a half or two volts respectively. For suppose you 
had a perfectly insulated cable and sheath, but at some distant 
point, say, half a mile off, the sheathing of lead was exposed to 
the ground, and that there destructive action was being produced • 
there might be at tliat point,, half a mile away, a difference of 
potential between sheath and the ground of three volts, but at 
the point where you stand the p. d. might Iiappen to be five 
volts. _ Now, the five volts could not be so active in producing 
corrosion as the distant three volts, in fact it could not be active 
at all, owing to the perfect insulation of the entire cable in the 
vicinity. The point I want to make is, that tliough the observed 
p. D. is an evidence of action, it is not an evidence of quantita¬ 
tive or corresponding intensity of action. 

Again, while all admit that iron is corroded, and iron pipes 
are corroded electrolytically, and the evidence has been amply 
brought forward to-night,’I do not tlunk that Mr. Farnham 
mean's that as much corrosion takes place with iron as with lead 
for the reason that we all know a given weight of lead is much 
more readily consumed by electrolysis than a given weight of iron. 
Roughly, an ampere in a year will dissolve ''seventy-five pounds 
of lead by electrolysis. It will dissolve, roughly, only about 
twenty pounds of iron, or nearly four times lesk ' So you liave 
a more reduced activity of corrosion on an iron plate than on a 
lead plate, and that is reduced again by the fact, in actual prac¬ 
tice, that in water mains, the electrical conduction from length 
to length of pipe is very imperfect, as evidenced, for example, 
by the tests and measurements shown on the screen in the last 
diagram. Fig. 19, where we had an indication of two volts fall 
of potential per hundred feet of pipe within the fii-st three 
hundred feet from the station. 

The destructive effect of electrolysis, wliile it is serious, is 
often exaggerated by not taking into'aceount the actual amount 
of decomposition that can take place, electrolytically, under the 
most favorable circumstances. If you have a'mile of eight-inch 
water main, which is half an inch thick, that is, its exterior di¬ 
ameter is nine inches and its interior diameter is eight inches; 
and a thousand amperes are kept steadily flowing day and night, 
with uniform density, out of tliat sui-faee into 'the 'surrounding 
soil, it will take about six years for that current to reduce, by 
electrolysis, the thickness of the iron to one-half. Of course, it 
would be unfair to make a positive statement of that land, be¬ 
cause we assumed uniform corrosion, whereas corrosion does not 
take place imiformly. 

The resistance of the ground is really far higher than we 
ordinarily attribute to it. We are so accustomed to use the 
ground universally in telegraifliy, we are so accustomed to the 
idea of a ground return circuit with very little resistance in it, 
that we come to grasp the idea, unconsciously, that the ground 
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has very low resistivity, whereas it has very high resistivity. We 
may take the position, in fact, that the ground itself has an 
enormous resisivity, and what we really measure in the resistance 
of the ground, is the resistance of the water that happens to be 
^suspended in the ground. The resistivity of ground under ordi¬ 
nary circumstances is something like 50 or 60 ohms. The result 
is, that if you had two iron water pipes, each nine inches in di¬ 
ameter, deeply buried in the soil, and 30 feet apart, at a constant 
difference of potential of ten volts, you would not expect less 
than 2.5 ohms resistance between the pipes per linear foot of 
either, nor more than four amperes of current between them 
per linear foot. In the case of ten volts between one such 
buried pipe and two surface track rails, supported on wooden 
sleepers, the resistance between track and pipes would probably 
be much more, and the current strength per linear foot of pipe, 
perhaps less than one ampere. 

One of the most interesting observations that ever fell to niy 
lot, in connection with the high resistivity of the ground, is, 
perhaps, worth mentioning. It was occasioned by trouble in an 
Edison tube, and the fault, a ground, was situated about three- 
quarters of a mile from the station. We were trying to locate 
the ground by means of a compass needle moved over the sur¬ 
face of the soil and over the buried conductor, while strong 
direct currents of about two seconds duration Avere^ applied with 
ground return circuit, every three or four seconds in the power¬ 
house. We took the magnetic needle along the surface of the 
trench and tried to find a point where the needle ceased to re¬ 
spond to the intermittent currents. We came to a spot where 
the line of Edison tubes departed from the road and entered a 
field. Round the field there was an iron wire fence with iron 
uprights, which fence ran for several hundred feet ^ parallel to 
the road. We knew that the ground existed in the iron Edison 
tube somewhere in this vicinity. I happened, quite by accident, 
to stand near the fence, looking in at the field and wondering 
where the trouble might be, and as I rested my hand on the 
fence, I fancied I felt a shock. I thought this a mere delusion 
and paid no attention to. it. ^ But presently some one else came 
up, and without any suggestion on my part, rested his hand also 
on the fence and declared that he felt a shock, and finding my own 
imagined sensation corroborated independently, we investigated 
it and found the reason to be this: within 20 feet of the fence 
was the ground ” we were seeking in the Edison iron tube. 
The intermittent current escaping from the conductor into the 
iron tube 30 inches below the surface of the soil, was able to 
raise the potential of the surface of the road in the vicinity 
where we stood, to such a degree that we were able to deliver 
through our hands enough current to the iron fence wire to 
make a shock perceptible, and, on taking measui*ements later on 
with a galvanohieter we found the resisivity of the soil, which 
was damp, but not wet, to be something like 60 ohms. 
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There is a ^ verv^ ciu*ious, although not very essential, point 
brought out in tliis interesting paper, and that is the exten¬ 
sion of the neutral line at the time when tlie reversal was made 
in the direction of current to the trolley lines. It was pointed 
out in the paper tliat the zero line of pressure moved further^ 
from the station when the reversal was made. I would like to 
aslv JMi. Farnham if he has any information winch would throw 
light on this interesting peculiarity. In the absence of any in¬ 
formation, I might suggest that possibly the counter-electromo¬ 
tive force of the developed hydrogen over the surface at which 
the current entered the system of pipes, miglit be sufficient to 
disturb the zero line. 

Me. Faenham: —I will say in reply to the question, that we 
have made no special investigation, nor have we found any par¬ 
ticular reason to account for the neutral line being thrown out 
fiom the station by tlie j*eversal of the current. Hut measure¬ 
ments obtained several weeks after the change was made, as well 
as immediately at tlie time, gave the same result. It would seem 
to me tliat this rather disproves the hydrogen theory: that is 
tlie zero line has continued farther out than wlien the current 
was in the opposite direction. 

I would like also to say in reply to the able remarks just given 
to^ Us, that the conclusions summarized in this jiaper were written 
with the thought that they shoxild be considered togetlier in all 
cases. There would be no advantage in doing some of this work 
suggested unless we did other parts of it also. Conclu.sion No. 

6 was intended to go with No. 7. But if that liad not been the 
intention, I can hardly agree witli the speaker that it would be 
more serious to have the corrosion take place in a limited terri- 
tory, even though it were inore rapid, than in a large territory. 
Would it be more convenient to dig up all the paved streets of 
a lai^e city once in ten years, or to dig up a radius of a thousand 
or of two feet once in a year ? It is an open question which 
hydraulic and gas engineers must pass upon. But it would 
seem to me better to confine the trouble in a small territory, 
even thougli you liad to take other measures, put in larger pipes 
if you please, in tliat territory, rather tlian have the destruction 
slowly but surely going on all over your city ? Is it not prefer¬ 
able to have a very sore linger than to be moderately sick all over? 

I he suggestion of putting the positive side of the dynamo to the 
trolley and thereby bringing the danger territory near the station, 
was primarily for the purpose of rendering it more easy to treat 
the tiouble with the return wire system which I have described. 

I would like also to reniark in connection with the first speaker 

discussion, that I recognize the importance 
which he named, and the difficulty of having a good connection 
with all the^ pipes. As to how the connection ^lould be made 
on water pipes has been considerably discussed. I am hardly 
able at present to advise. Whatever we do in this line we must 
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watch constantly. We must take our voltage measurements 
frequently, as noted in conclusion 11. We can tell certainly by 
this wdiether there still is danger or not. As to the number of 
years that may elapse before pipes will be eaten through, is a 
question we hardly need to discuss. If the action is slow it 
ought to be prevented. We may easily determine whether there 
is danger or not, and whatever we do to remove the danger by 
these means, we must watch the electrical conditions constantly 
or we shall find ourselves again in trouble. 

In illustrating this fact let me say that since the system just 
described has been applied in Boston, the West End company 
has run out in one direction several large return wires in addi¬ 
tion to those previously in use in that locality, and thus practi¬ 
cally moved the power station, that is, it changed the zei*o line 
from its former location to a point very distinct, making it 
necessary to rearrange and extend the cable return wire system. 

The Secretary read the following communication from Mr. 
Thomas D. Lockwood: 

Mr. Lockwood :—I much regret my inability to be present 
when Mr. Farnham’s excellent paper, at which I have had an 
opportunity to glance, is read. 

I have admired greatly the philosophical spirit in which Mr. 
Farnham’s researches have been made, and am greatly pleased that 
he has found time to prepare and deliver to tiie Institute an ac¬ 
count of them, and desire to place on record my personal opinion 
that the paper is one of the most interesting, and at the same 
time, one of the most lucid and valuable contributions to the 
Transactions of the Institute that have been received. 

It is evident that with the plus pole of the generator to line, 
the tendency of the trolley current will be to pass at all outlying 
points to the pipes and cables which lie in its path, except at 
points which are closely adjacent to the generator. 

But when the minus pole of the generator is connected with 
the trolley and feed wires, the current, or some portion of it, 
having once strayed upon the pipes and cable tubes lying gener¬ 
ally in its way, tends to leave them at all outlying points. 

In the second case, then, the destructive ettects of electrolytic 
decomposition tend to become widely distributed, while in the 
former case, they tend to concentration. 

A superficial examination might lead to a superficial conclusion 
that, because of such distribution and division, the arrangement 
in which the minus pole is placed to line, is under all conditions 
the most desirable and advantageous, because by reason of such 
division the strength of current leaving the pipes at any one 
point, would be relatively small, and possibly so small as to be 
neglible and innocuous. 

On the other hand, under the arrangement which provides that 
the plus pole shall be to line (if pipes, or lead covered cables 
enter at all into the question), a current of very considerable 
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volume may be concentrated in a very small area of space, and 
is liable to bring about in an extremely brief time, intensely 
destructive corrosive effects at points witldn such circumscribed 
space. 

I do not say that because the first named conclusion is super¬ 
ficial, it is under all conditions incorrect, and conditions can 
readily be conceived, such as those concerned in the operation 
of a railway in a small place, or on a lightly traveled trunk line, 
where it miglit even present preponderating advantages. 

It seems, however certain, that for city vvork, and under all 
conditions where traffic is heavy, and cai’s numerous, and current 
consequently of great volume, it is (so far, at least, as this pheno¬ 
menon of destructive decomposition is concerned) infinitely more 
advantageous to connect the i^lus pole of the generator to the 
line, and thus concentrate the electrolytic effects'to a limited area 
near the source of current, wliere it can readily l)e located and 
where preventive as well as remedial measures can be applied 
conveniently. 

I am heartily in accord with tlie propositions of the paper, 
and do not doubt that the familiarization of our minds with this 
important subject will be productive of beneficent result. 

A Member *: — I would like to ask Mr. Farnham what he esti¬ 
mates would be tlie relative cost of the overhead copper, and tlie 
cost of the underground copper to j)roperly protect a system 
such as the Boston system, relative to the ovtn*head structure, in¬ 
cluding the bond wires. Would it be larger, or about the same 2 

Mr. Farnham :—I should think it would be very much smaller. 
As I have shown you, the danger district extends only a com¬ 
paratively short distance from tlie station, and a moderately sized 
wire will overcome any trouble in that district. I should ky the 
amount of copper to prevent the troulde would be very small as 
compared with the overhead system. 

A Member :—I believe that in Brooklyn you use overhead 
structures, do you not, for the return? Has tliere been any sign 
of corrosion near to it ? 

Prof. Plymton :—It is different for different roads. They 
are trying all sorts of tilings. That is one. I think there has 
been no corrosion. But the time has been too short to announce 
it a success. 

Mr. Farnham :—I want to add one more word. Allusion is 
made again to the possible advantage of putting the positive 
side of the trolley to the ground in small iffaces. 1 will simply 
call your attention, as some of the members may wish to look 
up the matter, to the English communication.* It is in the 
London EleGtrioal Engineer of April 6, 1894. The writer of 
the article states his assumption of fact very positively, and he 
also uses as an argument that this method will cure the trouble, 
that in their “large ” system where this has been applied, some¬ 
thing like. 900 amperes of current is used to run the cars. Now, 
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this is not a ‘‘ large ” system as we all know. Nine hundred am¬ 
peres is a small amount to use on a city railway system, and the 
fact that the engineers have not found any pipes eaten through 
since they made this provision is no proof at all that the action 
is not progressing. I do not believe it is advisable to wait until 
pipes have been eaten through, before we know whether the 
thing is taking place or not. 

I would like to say one other word and that is, that while a 
moderate sized wire running through the danger district will re¬ 
move the current from pipes it will not do it, of course, if you 
extend that wire indefinitely. 

If you extend the return wire throughout the entire railway 
district, and connect it at frequent points to the water or other 
pipes, as I understand has recently been done in Milwaukee, you 
may prevent a difference of potential between the rails and the 
pipes, but you will not wholly prevent a difference of potential 



between the pipes and the earth. You will simply transfer the 
action from the pipes near the power station ^ to those in more 
distant territory; for in this case, the current will naturally leave 
the pipes at the same point it now leaves the rails, though in a 
less quantity (see Fig. 21). 

Imagine, now, an opposite extreme: the return wire from the 
rails is made small, or removed altogether, while the return wire 
from the pipes extends over the danger district. You will see 
the current all returns by the pipes and pipe return wire; the 
current passing at all points from the rails through the earth to 
the pipes, raises the potential of the earth above that of the pipes 
and so assures protection to the latter. 

This is an extreme measure and may never be necessary, but 
should it be found so, as the railwa;;^ companies cause the trouble, 
it is to be presumed they will be willing by such means, to trans¬ 
fer the electrolytic action from pipes to the rails, 

Prof. Houston :—I think one of the most interesting points 
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that has been brouglit forwai-d in this paper to-night, and one 
which has surprised me very inncli is the exceedingly small po¬ 
tential difference which the paper states has been' necessary to 
effect electrolysis, namely, that a fraction of a volt difference of 
potential between the pipes and the damp earth surrounding 
them is sufficient to induce the action. It may be time tli^ 
electrolytic corrosion did occur on portions of tie sheath that 
showed a potential difference between the sheath and the o-round 
in the vicinity “ of never more than half, and usually less than 
a quarter of a volt.” But it seems to me that an en-or was 
clearly made here, of not taking into account the potential dif¬ 
ference between the cable and 'the dynamo at work upon the 
lead sheath through the total resistance of tlie ground. I am the 
more ready to believe that there is some error, or misunderstand¬ 
ing possibly on my part here, for I know that to effect the dis¬ 
integration of lead eleetrolytically in a storage cell, requires a 
potential difference sufficient to electrolyze the water, namely 
over two volts. If it be true that this small potential difference 
can electrolyze lead, then I would like to know it, for I believe 
that practical application could be made of this in the storao-e 
battery. I think it is reasonable to suppose that where a frac¬ 
tion of a volt is discovered between the sheathing of the cable 
and the ground close b^, that many times this fraction would 
exist between the sheathing ajid the ground at the dynamo ter¬ 
minals. Of course, if actual measui^ment, as Mr. Farnham has 
said, of one one-hundredth of a volt can produce electrolytic 
corrosion of lead, why there is nothing to be said against actual 
measurement. I should, however, look very carefully at the 
soui’ce used, and the method by which the experimenter assured 
himself that he did not actually limit the potential difference to 
the small fraction stated. 

Me. Faenh am :—I might say in reply to this, some of the text¬ 
books inform us that we cannot produce that action under less 
than 1.4 volt or something like that. But Mr. Lee, the chemist 
of the American Bell company, to whom I refeived in the paper, 
made some very careful tests, and I have reason to believe that 
he is a man of sufficient knowledge to perform them accurately, 
and lie tells me that he has produced the action easily by .01 
of a volt and less. Now the reference which I made to cables in 
the test, in which it was said that the voltage was usually less than 
one-half volt, sometimes less than one-quarter, I know nothing 
about, except the report that was given to me. I know in 
our own case we make the measurements where cables have been 
corroded, between the cable sheath and the ground, exactly where 
they lay on the ground, by a Weston voltmeter.' I know that 
in the case of the experiment which I showed you through the 
lantern, where lead was corroded in three weeks’ time, ■vre took 
the voltage bet’ween the two teiminals at the test tube in which 
the lead wires were placed before they were connected, that is, 
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witliont tlieir being clipped in the water. We took measure¬ 
ments tliere every day and found it less than one-half volt. You 
can easily perceive the action that has gone on there. The lead 
wires were immersed in hydrant water without any acid, salt or 
any other condition to incluce or help the action—not distilled 
water but such water as we draw from our Boston waterworks. 
So you see it is true that while it does require a volt or more to 
elekrolyze or decompose water in the ordinary meaning, we do 
get the action on lead and iron pipes with very much less pi*es- 
sure. 

Dk. Lkonard Waldo: —I think this is a very interesting 
paper, and contains a great deal of valuable information. The 
coal miners have had much trouble in keeping their valves from 
disappearing and their pipes from being eaten up, and inasmuch 
as we have been interested in the metallurgy of that sort of 
thing lately, we have looked into the question. In several in¬ 
stances we have had valves, parts of pumps and similar articles 
sent to us from tlie depths of the mine, and several gallons 
of the water which was supposed to do the mischief sent along 
with them. We boiled tlie water holding specimens of the metal 
of which the valves were made, and exposed the specimens for 
weeks at a time, with no chemical action at all on the metal 
similar to that used in the valves or in the pipes. When you in¬ 
sert an iron pipe and connect tlie two specimens through a volt¬ 
meter, you will get a very rapid disintegration of one j>ipe or 
the other, and you get an indication of anywhere from four to 
six-tenths of a volt. It is my observation that very efficient de¬ 
terioration of these underground materials of different potential 
takes place witli differences under half a volt. There is another 
question which has come up in our minds and I have not heard 
it touched upon to-night, but, I think, it is a fundamental question 
in talking about deterioration of metals under electrolytic or 
acid or water action. The lead which our friends use for sheath¬ 
ing cable is probably over 95 per cent, lead, but it certainly is 
anything but pure lead, and the secondary couples that are 
formed with antimony or the other impurities that tlie lead con¬ 
tains when brought in close contact with the acid waters, even 
having a very small percentage of acid in them, produce a cor¬ 
rosion of the surface, which I do not see any way of taking account 
of. The difference between a copper pipe containing a tenth of 
a per cent, of certain impurities and containing one per cent, of 
the same impurity is very great. But it is no greater than that 
which contains none at all, and that which contains one-tenth of 
one per cent. In all these questions, therefore, of rapid dete¬ 
rioration of pipe and that sort of thing, I think, the most import¬ 
ant consideration will have to be given to the actual corrosion 
which occurs because of the molecular, chemical and electri¬ 
cal action which take place between the metal and its own im- 
puiuties. As to the small voltages existing, and having the effect 
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of corrosion, I think any one who lias actually made measures 
on those pipes in position, with and without the presence of 
electrical action is quite prepared to testify that the smaller volt¬ 
age and the corrosion of tlie pipes are present at the same time; 
whether the corrosion is wholly due to the action of the current 
on the principal metal alone or not is quite another question. 

Dr. Ohas. E. Emery :—I did not think the subject of the cor¬ 
rosion of steam and water pipes underground appropriate to this 
discussion, until tlie last speaker mentioned the inHuence of 
various conditions on the rate and nature of corrosion. In that 
connection I will say tliat it is found in practice that a steam 
pipe covered with a non-conductor, and maintained at a tempera¬ 
ture of 250° to 300° F. will not corrode underground, whereas 
a hot water return pipe similarly covered and kejit at about 212° 
corrodes very rapidly. The corrosion is external and appears to 
be ordinary rust. A study of the phenomena indicates that 
there is a critical temperature where the gases in the soil act 
more intensely than at other temperatures. Aiiparently ordi¬ 
nary carbonic acid gas lias the most im2>ortant influence. It 
appears, therefore, tliat the temperature should be considered 
in connection with the other influences on corrosion wliich have 
been mentioned. 

[Adjouimed. I 
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[Communicated after adjournment by Prof. Elihu Thomson.] 

Very early in the history of street railways in Boston, I had 
conferences with Mr. F. S. Pearson, of the West End road and 
others, concerning the means to be employed for preventing elec¬ 
trolytic action on pipes and other metal structures underground. 
Reversing the current at intervals was suggested and tried, but it 
soon became evident that this would only shift the areas of action 
and no restorative effect or plating of corroded metal could be ex¬ 
pected. It soon became evident that if the current could always be 
made to enter the metal pipes, etc., from the ground, and leave 
them by metallic connections to track or to returns, the protec¬ 
tive action of the current with the pipes, etc., as cathodes, might 
be beneficial, and as Mr. Farnham has ably shown in his very 
interesting paper, this is the principle which has given the best 
results in practice. Indeed may we not be justified in expecting 
that in many cases the natural corrosion may be even arrested by 
the nascent hydrogen set free at the cathode, or by the negative 
polarization of the pipes with respect to earth ? 

Could every line of pipe be relied upon as a complete conduc¬ 
tor without bad joints, the problem of protection would be much 
simplified, but the curretit in crossing a bad joint in a line of 
pipe will undoubtedly be partly shunted through the earth around 
the resisting joint, and cause corrosi^m to a greater or less extent. 
Again, if in a line of pipe, every joint was of poor conductivity 
there would be very liitle chance of corrosion by electrolysis, as 
the pipe line would not offer any good path for current. 

Earnest endeavors will be made in the present year to prove 
the practicability of continuous rails electrically welded in place. 
In cities this would give a network containing a vast amount of 
metal in the rails, acting as a conductor for the return current. 
Such a track system, or even a track system well bonded, would, 
if w^'orked with a zone system, in which successive zones of trol¬ 
ley conductor are made positive and negative respectively, re¬ 
move all possibility of trouble, but might increase the risk in 
the accidental crossing of wires on the trolley conductors. Another 
system of working which would remove most of the difficulty in 
our cities, would be the employment of potential reducing motor 
generators at various points over the area, the high potential side 
being fed direct from the power station by metallic circuit, and 
with either alternating or continuous currents, as found most ex¬ 
pedient ; while the low potential side, 600 volts or less, would go 
to trolley wire and track respectively. In this case the return 
current would never have to travel very far, and the drop on the 
whole system would be much lessened. Copper vrould be saved 
and the congested districts could be readily supplied with a lower 
potential than the high speed outlying districts. If alternating 
currents were used from the power station to the motor gene¬ 
rators, the generators in the station could be made of very large 
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eapacity, say 5,000 h. p. in a large city, and the motor generators 
eonld range from 200 to 500 according to the density of traffic, 
etc. I mention these facts to show that avoidance of all electro¬ 
lytic corrosion is within the capabilities of electrical engineering, 
while still retaining the continuous current motors on the cars, 
and the single overhead trolley wire. It is even possible that 
considerable economy of transmission might be secured over the 
direct supply systems as now used. 

Swampscott, Mass., April 17, 1894. 

[Communicated after Adjournment by Hermann Lemf, Jr.] 

The paper read by Mr. Farnham lias a great value as it gives 
in a clear and concise manner facts found under every day work¬ 
ing conditions. Not only can we by its study analyze the vari¬ 
ous causes producing the deleterious effects of electrolysis, but 
we can follow step by step the means employed and the effects 
produced for combating these evils. 

In the conclusions reached by the author a few vacancies are 
left which it seems are all well worth considering. 

Two principal causes are apparently considered as unavoidable, 
which to me seem to be the contrary. Mr, Vail, in his paper 
before the National Electric Light Association, has taken the same 
ground. They are: 

1st, There should be no ground connection established from 
dynamos at power station, in fact all precautions taken to prevent 
even accidental ones. 

All connection between dynamos and track should be made by 
means of well insulated feeders, such as are used in any properly 
constructed lighting system. 

2nd. The track itself ought to be as nearly as possible one con¬ 
tinuous rail. 

The leakage currents which are to-day causing all the mischief, 
are mostly due to insufficient carrying capacity of the track, not 
of the rails themselves but of the joints between the rails. When 
copper bonds are used, the unequal expansion of the two metals 
soon produces a loosening of the joint, increased resistance and 
jSnally complete deterioration. To this is added the electrolytical 
effect between the copper and iron. 

Iron bonds, on the contrary, have to be made so large to be of 
any use, that the vibration of the passing cars loosens them with 
the same result as with copper. In the discussion following Mr. 
VaiFs paper, mention was made several times of the electrically 
welded track. 

Having been intimately connected with the experiments carried 
out in Cambridge during last summer and winter, I think a few 
remarks in reference thereto will be interesting at the present 
time. 

The tracks experimented upon were all, before any welding 
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was done, condemned by the West End Co. The process was, 
therefore, expected to save them. The original method consisted 
in welding two U shaped yokes on either side of the joint through 
the web of rail. Experiments have proven that from 90 to 
110,000 lbs. was the highest tensile strength that could be ob¬ 
tained on such joints by this device. 

Of the welds made on Main street, Cambridge, about 10 per 
cent, have broken through the winter, leaving quite a number of 
uninterrupted sections of 600 feet and even one of 1,000 feet. It 
was soon discovered that the method of welding first used was 
not quite satisfactory, as it produced a local strain in the rail by 
heating only the web part of the rail to a welding heat. Experi¬ 
ments were made at once with a view of welding the rails right 
at the joint and extending over the whole surface of the rail, in¬ 
cluding rail and foot. By this process a tensile strength of 
279,000 lbs. could be obtained where one of 100.000 only was 
possible before. 

Allowing for maximum variation in temperature experienced 
in our climate, it was found that 160,000 lbs. would be sufficient 
to withstand any strain brought upon the rails through contrac¬ 
tion and expansion alone. 

The season being already far advanced when these experiments 
were concluded, only a part of the track in Cambridge could be 
provided with the new joints. Every one of these welds stood 
through the winter witliout a break, with the exception of one 
which broke tlie day it was made and showed poor workmanship. 
A heavy snow storm setting in at that time prevented its being 
repaired. 

From all the experiments made up to date we can draw the 
following conclusions: 

1st. A continuous rail can be used for electric street rail-car 
practice with absolute safety if an expansion joint is inserted 
every 600 feet. 

2nd. A continuous rail can probably be used without any ex¬ 
pansion joint by using the latest method of welding. 

fSrd. The electric conductivity of any joint is as great as the 

rail itself. 

4th. All joints being of the same material and continuous even 
when elastic, will not change by vibration, heating or electrolysis. 

5th, By frequently cross connecting the rails—making up a 
track of electrically welded joints, any trouble from interruption 
in the track can be obviated. 

6th. The resistance of the feeders from track to power-house 
is immaterial aside from economy^ provided the ground in power¬ 
house is taken off. 

In conclusion I will say that Mr. A. J. Moxham, President of 
the Johnson Oo., who has, and is carrying out all these experi¬ 
ments, has such faith in the ultimate success of the^ electric 
weldino* of rails that through his instructions three machines will 



230 


FARNHAM ONELEGTROL YTIG EFFECTS. [April 25, 


shortly be in operation to weld one double track from Marcy 
Avenue, Brooklyn, to Manhattan Beach, a total of 35 miles of 
track, also seven miles in St. Louis, and other orders for this work 
are pending. 

The Chicago Meeting, April 25th, 1894. 

The corresponding meeting of the Institute at Chicago was 
held on April 25th, one week later than the New York meetings 
owing to the fact that Mr. Farnham’s paper was accompanied by 
a large number of lantern slides, which it was not convenient to 
reproduce for simultaneous use in Chicago. The meeting Avas 
held as usual at the rooms of the Armour Institute, where Pro¬ 
fessor Stine kindly gave the use of the necessary lantern, and 
provided other needed apparatus. The meeting was well 
attended, the total number present, including members and 
guests, being more than 60. The meeting was called to order by 
the Local Honorary Secretary and, upon motion of Mr. B. J . 
Arnold, Lieut. Samuel Rodman, Jr., was appointed Chairman. 

Mr. Farnham’s paper was read by Mr. A. V. Abbott, the Chief 
Engineer of the Chicago Telephone Company. A number of 
slides, not included in the illustrations of the paper itself, Avere 
placed upon the screen, showing sections of corroded pipe from 
various cities. After the reading of the paper, the discnssion 
was opened by Mr. B. J. Arnold. 

Mr B. J. Arnold:— We all remember the ti*ouble which was 
caused about five or six years ago by the action of the electric 
railway current upon the telephone wires, through induction^ 
which rendered speech almost inaudible over many of the tele¬ 
phone lines, and created a very general agitation throughout the 
country. The telephone companies, after much ineffectual argu¬ 
ment with electric railway officials, city councils and otliers, 
finally met the issue squarely, and applied" the lieroic and effective 
remedy of a complete metallic circuit, which very largely elim¬ 
inated the trouble. It now seems that after the ilval interests 
have satisfactorily settled that subject, that the telephone compa¬ 
nies have encountered a new difficulty which threatens to be 
much more serious than the former. 

In my judgment this question should be met in a fair spirit by 
tlie railway companies and some means proposed and adopted 
that will not compel the telephone companies to stand practically 
the entire expense of the necessary changes, as they did in the 
former case. It should be borne in mind also by the railAvay 
companies that the telephone people are not the only ones who 
will rise upj in their wrath against this new trouble, as it is 
equally detrinaental to the water mains and the lead pipes of the 
water companies, the gas pipes and other metallic underground 
constructions. 

The subject of electrolytic action of the railway current on 
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underground pipes and conductors is now being agitated in 
almost all cities where railways have been running long enough 
for the destructive effect of the current to make itself knowny 
and it will not be long before we shall hear from it in our own city, 
if the many ordinances now being considered by the Council are 
passed without some stipulations regarding the construction and 
carrying capacity of the rail return circuit of the roads which the 
coinpanies propose to build under these franchises. In my judg¬ 
ment there is no reason why an electric road cannot he built so 
as to almost effectually prevent the destructive electrolytic action 
that has been pointed out to us to night. 

The original method of constructing the return circuit of the 
electric railways was to join the ends of the rails with T^o. 4 bond 
wire, depending upon this and the fish plates for whatever 
metallic circuit was necessary, and the earth to make up for the 
lack of metal. 

The idea of the supplementary wire was not contemplated on 
the first roads, but as the small bond wires soon became eaten off 
or broken, they were found inadequate, and a No. 0 copper bopd 
wire was added to supplement the rails. 

Examination in some cases has shown that the supplementary 
wire has disappeared entirely after a few years’ use, which 
resulted in the abandonment of it entirely, and the adoption of 
the larger bond wires between the ends of the rails. It is now 
customary to use a No. 0 wire to bond the rails with, and depend 
upon the rails alone for the return circuit. 1 am of the opinion 
that if the rails are supplemented l)y a systein of feeders, so that 
the resistance of it is not greater than that of the out-going cir¬ 
cuit, and the rails joinedVith a bond equal in conductivity to 
the rail itself, whicti is most effectually accomplished by welding 
the rails together electrically, that the entire difficulty caused by 
electrolysis will disappear. The Pennsylvania Railroad Company 
has had a section of tlie track with the rails welded together, in 
operation for some months, and on the Baden and St. Louis R. 
R. of St. Louis, rails are now being welded together by electric¬ 
ity, for use as the return circuit of an electric road, and we shall 
look for the results of this experiment with interest. 

The suggestion made by the author of the paper to attach 
feeders to the water pipes near the power station is a good one, 

and should be adopted in all cases. ... 

The suggestion of Professor Thomson of the application oi 
motor transformers for the purpose of relieving unequ^ poten¬ 
tials seem to be impracticable to construct, as well as difficult to 
look after, as it would necessitate numerous electric motors run¬ 
ning in various parts of the city, the location of which would 
have to be changed from time to time to correspond to the fluc¬ 
tuating danger line, and would I’esult in constant expense for 
maintenance as well as a large additional equipment. The author 
of the paper states that this has never been tried, and I think it 
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is safe to assume that it will not prove practical if it is attempted. 

Mr. A. 0. Balch, of Portland, Oregon, in a eoininnnication to 
one of the railway papers recently, described the method of 
using the three Avire system on the electric railway in that city. 

The trolley is divided into sections of about one thousand feet 
in length, the positive wire of one dynamo being connected to 
one section and the negative of the other dynamo to the adjoinino* 
section, while the neutral wire is connected to the rails. It will 
be noticed that with this arrangement there is a difference 
of 1,000 volts between the adjoining sections of tlie trolley Avire, 
but as they are thoroughly insulated and the motor cars pass 
from one section to the other quickly, there seems to be no diffi¬ 
culty caused by the sudden reversal of the current through the 
motors when passing from one section to another. So long as the 
cars are properly distributed on the line, I see no difficulty 
in the operation of an electric railway Avith tlie tliree wire 
system, but if the cars were to become “ l)unched,'’ as sometimes 
happens in large cities, the feeder wire supplying that particular 
section would be overworked, although I do r)ot"rega]*d this diffi¬ 
culty as serious. With this arrangement the electrolytic action 
on pipes is almost, if not entirely, avoided, as there is practically 
no current floAvingfrom the trolley to the earth when the road is 
working under normal conditions.* I believe there is also a three 
wire electric road in opei*ation in Bangor, Maine, and so far as I 
am able to learn it is working with eiitire satisfaction. 

There are many who advocate the doul)le overhead ti’olley 
systern, wliich AA'as used on many of the pioneer electric roads, all 
of which liaA-e been almndoned, so far as I knoAv, except one or 
two roads in Cincinnati. Tlie chief difficulty with sucli a system 
is the complication of the overhead construction, marring the 
appearance of the streets, and difficulty in openition during snow 
and sleet storms. 

If the alternating motor ever becomes perfected so as to make 
it applicable for electric railroad work, our grief from electrol¬ 
ysis will cease, Init unfortunately this milienninm seems far 
away. 

I have a comniunication from Mr. Alex Dow, City Elec¬ 
trician of Detroit, Michigan, Avho is thoroughlv qualified to 
speak on this subject, i wish to submit it as a written discus¬ 
sion from him, as it contains valuable data concerning the con¬ 
dition of potential differences existing in Detroit, and "the result 
of the consideration of the subject before us to-niglit, reached by 
the municipal engineers of Detroit. 


Detroit, Ajn’il 23, 1894. 

B. J. Arnold, Esq., 

Chicag^o, Illinois. 

I enclose a print of a table of measurements of potential differences between 
the railroad tracks and other underground constructions in this town. 
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TABLE OF THE POTENTIAL DIFFERENCES EXISTING BETWEEN WATER 
AND OTHER PIPES AND THE STREET RAILWAY RAILS, 
DETROIT, MICH., MARCH 30th, 1894. 


Location. 

Sign. 

Observed P. D. 

Max. Min. Mean. 

Remarks. 

Woodbridge and Antoine 

W'ater pipe positive 

0.4 

0 

O.I 

Observations taken on a 
branch track to car barns 
about 70 feet from Sta¬ 
tion. 

Jefferson and Antoine 

U 44 

Water pipe positive 

Gas pipe positive 

1-7 

4.0 

0.2 

1.2 

1.0 

2.0 

Obsei-vation.s about 350 
feet from Station and 
within 50 feet of connec- 
nection to a return or 
track feeder. Cars pass¬ 
ing frequently. 

1 

Jefferson and Randolph 

Water pipe positive 

1-3 

0-5 ' 

0.6 

Distance from Station 
about 1,405 feet. Cars 
passing frequently. 

, Jefferson and Baldwin 

Rails po.sitive 

7-3 

0-3 

1.2 

Distance from Station 
about 12,900 feet of which 
8,500 is 70 lb. girder rail 
remainder strap rail. 

1 Jefferson and Holcombe 

Rails positive 

9.8 

0-3 

2.0 

Distance from Station 
about i7j5oo feet of which 
8,850 feet is of 70 lb. gir¬ 
der double track. 

Jefferson and Cadillac 

Rails positive 

29.6 

0-5 

4.6 

End of water pipe sys¬ 
tem. Distance from Sta¬ 
tion about 4 miles, track 
continued 3 miles fur¬ 
ther, single track 60 lb. 
“ T ” rail. 

Elmwood and Mack 

Rails positive 

90.9 

O.I 

7.0 

Straight line from end of 
track to Station 11,000 
feet; no return or track 
feeder; single track. 
Strap rails, 42 in. water 
main parallel to tracks. 
P. D. small until care 
come on particular rail 
to lyhich wire was at¬ 
tached. 

■ Woodward a d Canfield 

Rail positive 

3-9 

1.5 

2.5 

Distance from Station 
about io,2co feet, 70 lbs. 
girder rails. 

Champlain and Seyburn 

(1 (4 

8.7 

0.5 

2.S 

Distance from Station 6 
miles. 

Champlain and Mt. Elliot 

4 ( 44 

7.2 

0.8 

1.8 

Distance from Station 5 
miles. 


The tests were made by a committee of the Municipal Engineers’ Association 
with the view of learning the actual state of affairs, and particularly in view of 
street railway legislation now before the City Council. We desired to know the 
results obtained with the present street railway constructions, and, if it ap¬ 
peared necessary, to ask for protective clauses in the street railway ordinances. 

The Association has not yet acted upon the committee’s report, but the opin¬ 
ion of the members seems to be in favor of requiring the street railway company 
to put in a complete return circuit of such efficiency that there will be no appre¬ 
ciable tendency to leakage to the water pipes, underground cables, etc., for 
which we municipal engineers are responsible. 
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We admit the theoretical possibility of connecting our constructions with the 
street car return and with the negative pole of tlie dynamo so as to maintain a 
uniform earth potential all over the city ; but we conclude, after consideration 
of the diiferent depths at which our various pipes, etc. are laid in the soil, of 
the different ages and characters of tlie said pipes, etc., and of tlie varied nature 
of the soil itself, that carrying out the theory into practice will bo very difficult; 
so that we are minded to ask for I’estrictions as to the potential difference per¬ 
missible between the rails and neighboring underground constructions such a& 
W'e want to protect. We don’t entirely believe that this differonec of potential 
is a measure of the risk of injury by electrolysis, but we are positive that when 
the potential difference is inappreciable the return circuit of the- railroad com¬ 
pany is sufficient for the work put u[>on it, and our pipes arc not being called on 
to assist it to any dangerous extent. 

Alex Dow, City Klectriciaiu 


I am sure that we liave all been v^ery much l)eriefited by the 
reading of Mr. Farnham’s paper and the excellent manner in 
which Mr. Abbott has presented it to us this evening, and I hope 
tliat it will result in a thorougli discussion by the members 
present. 

Mr. Welles of the Western Electric Company, whose name 
was mentioned by Mi*. Farnbam in liis paper, was present and 
was asked to contribute to the.discussion. Mr. Welles in reply 
said : 


Mk. a. T. Wkllks: —Not being a member of the Institute I 
came here with no idea of being called upon to speak, but as Mr. 
Faruhain has (juoted me as saying that ^‘•in examining the tirst 
cases in (hneinnati I fonnd never more than one-lial^f volt and 
generally less tlian one-quarter volt current on tlie underground 
cables there, I wish to say that Mr. Farnham has unintentionally 
misquoted me,as was also the care in the interview in a Cincinnati 
paper wliicli lirougbt about my correspondence with him. The 
statement would lead you to suppose that some electroly tical trouble 
bad developed in cables laid by my company in ('Cincinnati, but 
this is not the case as far as I know. 

In December last a calile wliicii we liad laid in Louisville less 
than a year ago for the Oliio Valley Telephone (Jo. began to give 
out. We sent a cable splicer there and he located the trouble in 
two sections of several bimdred feet each, near one of the power¬ 
houses of the electric street railway. • About Christmas, Captain 
Gitford telegraphed my company requesting that Mr. Patterson 
or myself should come at once to investigate the cause of tlie 
trouble, and I was sent. I found that the two sections had been 


partially pulled out of the conduit and in examining the pieces 
cut off, found that holes were partially or wholly eaten through 
the lead covering at regular intervals. These holes occurred 
every 18 inches and corresponded exactly with the joints of the 
vitrified clay conduit. 

With Mr. Maxwell, the electrician of the telephone company, 
I made a nmnber of potential tests in the manholes near tfie 
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place of the trouble and found as liigli as two and one-lialf volts 
from the cable to the rail of the trolley road. In these manholes 
there were also gas and water pipes which had about the same 
voltage as the cable. I also made 40 or 50 tests across the joints 
of the rails with a voltmeter reading down to one-tenth and I 
think we could have noticed one one-hundreth of a volt, but 
there was not the slightest movement of the needle. 

These tests were reported to Captain Giftbrd, who then called 
in the electrician of tlie street railway. This gentleman ex¬ 
plained tliat besides having tlie rails perfectly bonded at their 
joints, they had two return wires of No. 0 or larger copper run 
underneatli the rails and l)onded to them at frequent intervals. 

In Louisville tlie underground telephone cables run from all 
points of the compass into the com23any’s office. These cables, 
some 80 in numl)er, are practically bunched at or near the ex¬ 
change, so that any currents coming in on their sheaths can, 
without trouble, i*each tliose of such cables as will most readily 
return them to tlie jiower-houses. All of these cables run par¬ 
allel with trolley lines or with gas or water mains which parallel 
the trolley, so that each carries’to the common point more or less- 
current. Taken singly, these currents are slight and would prob¬ 
ably cause no trouble for a long time at least, but one-half or 
two-thirds of their total was sufficient to eat through the pipe of 
the cable in trouble in seven or eiglit montlis. At ]Dresent there 
are but tw'o cables whicli run from the excliaiige to points near 
power-liouses. One of tliese runs to a point witliin a block or so 
of a power-house about two miles from the exchange in one di¬ 
rection, and the other to within three blocks of a power-house in 
the opposite direction. Tlie first one giving tlie best return and 
also running for a long distance jiarallel with a trolley line and 
water mains, where it jhcked uj) additional current is the one 
which gave out. Preventions wliicli we used will, I su]3pose, 
save the other. Krom Louisville I went to Cincinnati where we 
had laid a large (juantity of cable for tlie City and Suburban 
Telegrajih Association. ^ Here, with Mr. Eobinson, their super¬ 
intendent of construction, I made a large number of voltmeter 
tests between the cables and the trolley-road rails in different 
parts of tlie city, and found at no point more than one-half volt 
current in either direction. These tests led to the interview pre¬ 
viously mentioned. Some weeks later Mr. Farnham wrote me 
tliat lie had read an interesting ” interview with me in a Cin¬ 
cinnati pa^^er and asked me for data on the subject of electrolysis. 
As tlie interview as published is rather '' interesting ” in some 
respects, I will read it if you will allow me. 

[Mr. Welles read the article and proceeded as follows:] 

I simply wish to make one other statement. Since Mr. Farn¬ 
ham collected the data for his pajier, we have run across another 
very peculiar case of electrolysis in Cleveland. A cable which 
my company laid there in January last for the Postal Telegraph 
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Co. was reported as having given out entirelv al)ont two weeks 
ago. The cable ran from their office down about 1,500 feet and 
then tliroiigli a tunnel about SO feet deep under tlie river to a 
pole on the opposite side near a inanliole at the mouth of the 
tunnel. Through this tunnel a large water main also runs. We 
sent a splicer there at once and he located the trouble in this 
manhole where he found the cal)le pipe entirely eaten througlu 

Mr. L. L. Summers, of the Postal Coin]mnv, made voltmefer 
and ammeter tests at this place and found 18 or 19 volts on the 
cable, and also on the water main in the tunnel and 45 amperes 
current. The cable pipe was eaten through in ten weeks. AV"hat 
is going to become of that water main, and what is goiim- to l)e~ 
come of that tunnel ? 

Prof. W. M. Stine:— I would like to ask Mr. Welles what 
conditions he found where they were using tlie double trollev in 
Cincinnati. ' * 

Mr. Welles:—M y tests were made on New Year’s Day, 
wdiich was particularly dry and clear. This jn-obablv accounted 
for the very low iiotentials found on the cables. On account of 
the intricate system of water and gas mains running close to the 
conduits, and often through the manholes, it is impossible to say 
whether tlie leakages came from the single trolley or tlie doulil’e 
trolley systein. We found current on caldes which, in no part 
of their circuit, paralleled either system. I was told, however, 
y Av eatliei much trouble is exfierienced by the tele¬ 
phone company on account of the splasliing of mud against the 
car motors of the double trolley system," which often brings 
down 200 or more drops at a time in tlie switchboard. But this, 

I should think, is simply a matter of construction of the motors. 

Professor .D. C. Jackson of the University of Wisconsin had 
sent in the following contribution to the discussion which was 
read by the secretary. 


[OoMMUNroA'rED UY Paitf. Biefeli) and Fhkd. D. Silbkr. 

Having made an extended series of experiments relating to the 
subject of Mr. Farnham’s paper, we desire to present some of 
the results of our investigation as carried on in tlie laboratories 
ot^ the University of Wisconsin, and along the line of the electric*, 
milway of Madison, Wisconsin, under the direction of Professor 
D^ald C. Jackson. 

Tliis railway^ line lias been in operation for about a year and a 
half, having nine cars in service, but no troubles due to corro¬ 
sion have shown themselves thus fai*. Measurements of potential 
between water pipes and rails, near power station, sliow a dift'er- 
ence of 4r| to 5-| volts, water pipe being positive to rail, and 

iT . _ i i A. F 
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being zero to four volts outside of tliis neutral zone, tlie water 
pipes being negative to rails and eartli. Samples of soil were 
barken from points along the line, and subjected to electrolysis 
between iron plates, when the anode showed a loss ranging from 
to 1.15 grams per ampere hour, the cathode remaining un¬ 
changed. - . 1 4. 1 

Experiments are at present in progress to determine the actual 

current flowing between pipe and rail. This is done by means of 
a modified form of a copper voltameter devised for this purpose. 
A. water-tight box containing a solution of copper sulphate is 
buried in the ground. This box has for two of its opposite sides, 
facing the pipe and rail respectively, double copper plates, of 
which the inside ones are weighed. The gain of cathode will 
flien give in the usual way an. integral measure of the cuirent. 
The shunting eftect of the voltameter of low resistance, will in¬ 
troduce only a small error, as the distance between pipe and rail 
is comparatively great. Having thus found the average current 
flowing, and knowing the loss of ^iiode per ampere hour, a fair 
estimate can be made of the loss of metal from the pipe pei 

month. , . . X 1 

A series of experiments to determine the minimum potential 

at which corrosion may go on between iron plates, showed that a 
mere diT6ctiv>6 foTG6 was needed ^ the potential having been re¬ 
duced to .001 of a volt, electrolytic action still went on. In each 
ease the action was manifested by the formation of a ferrous salt 
at the anode, and the hydroxide of the alkaline metal at the 
cathode. This plienomenon shows at once the cause^ of the cor¬ 
rosion. The main object of our investigation has indeed been 
to determine exactly what goes on in an electrolytic cell undei 
parallel conditions to those found in practice. 

Whenever iron electrodes were used with soil or sand contain¬ 
ing small quantities of soluble salts in solution, a layer of fen ous 
hydroxide was invariably formed at some point between the two 
plates. The earth used was found to contain small quantities of 
chlorides and sulphates of the alkaline metals, and showed no 
trace of soluble iron salts or alkaline action, before electrolysis. 
_A.fter tbe current was put on, ferrous salt began to be formed at 
the anode spreading toward the cathode; the hydroxide of the 
alkaline metal was formed at the cathode spreading toward the 
anode; where the two met, a layer of ferrous hydroxide was 
precipitated, recognized at once by its dirty green color. 

In all these cells a peculiar heating effect was noticed, reach¬ 
ing a maximum in the ferrous hydroxide layer, and (hminishing 
in general toward the electrodes. Measurements of potential 
taken within the cell at different points between the plates 
• showed the greatest difference of potential at. the zone of maxi¬ 
mum temperature, and a diminishing (hfference in the same way 
as the thermometer had shown a fall ui temperature. It must 
be stated here that the readings of potential were taken when 
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no appreciable beating effect was noticed, only a veiy siiial] and 
constant current flowing at that time. These oliservations sliow 
that the nuequal lieatihg was caused by unequal resistances in 
different parts of the cell dne to the forniation of the hvdi-oxide 
layer, together Avith tlie nneqnal concentmtion of the iron salt 

• • > ** ^ AAdiich diffuse toward tlie point where 

the precipitate of iron hydi'oxide is formed. 

A similar variation of temperature, only much less marked 
showed itself in a cell containing pure sand (practically free 
from soluble salts) and distilled water. The platinum electrodes 
were six cm. apart, 500 volts were used and a curi-ent of one am 
pere sent through. Oxygen and hydrogen were given off at the 
positive and negative poles respectively^ as secondary products of 
the acid which was formed at the forinei-, and of tlie hydroxide 
which was formed at the latter pole. Thei-e was no electrolysis 
of water, as seems to l)e still held bv some. Although tiie elec¬ 
trolyte was thought to be free from soluble salts, the tempera¬ 
ture effect was still present, and was caused by the diffusion and 
consequent unequal concentration of the acid’and hydroxide to¬ 
ward a point between the tAvo plates where the zone of maximum 
temperature shoAved itself. Tliis is to be expected since the con¬ 
ductivity of acids and alkaline hydroxides varies within certain 
limits directly as tlieir concentnitions. 

The tlieory has been put forth that the corrosion is due to the 
electrolysis of Avatei-; the nascent oxygen attacking the iron at 
the positive pole. In the first place, there is no electrolysis of 
Avater; oxygen and liydrogen being in each case set free at their 
proper poles by virtue of secondary reactions, as e.xplained above. 
The fact, however, that nascent oxygen even then does not attack 
the anode when the iron electrodes are used, is clearly iiointed 
out by an experiment, wherein six such cells were run in series at 
100 volts terminal pressure, the current varying from .a to .04 am¬ 
peres during the experiment. The electrolytes consisted of pure 
glass sand saturated with a one-third of one per cent, solution of 
chemically pure nitrate of ammonia, chloride of ammonia 
nitrate of potash, chloride of potash, nitrate of soda, and chlo- 
lideof soda lespectively. All nitrate cells showed acid reactions 
at the anode, and gave off o.xygen at the same pole, and liydro- 
gen as usual at the cathode. At .05 amperes, the acid reaction 
and oxygen evolution ceased, in the cell containing nitrate of ani- 
nionia, at .04o the same occurred in the cell containin^^ nitrate 
of^ potash, the cell containing nitiate of soda still showing a faint 
acid reaction, and giving off of oxygen at .04 amperes, at Avhich 
point the cm lent was taken off. The chloride cells showed no 
such phenomena at the anode. The following table gives the 
corresponding losses of the different anodes per ampere hour 
the cathodes remaining unchanged: ’ 
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NIi 4 NO:j.0.921 gms. loss. 

NH 4 Cl.1.314 “ 

KNO 3 .0.887 ‘‘ “ 

KGl..1.34() “ 

NaNOa.0.729 “ 

KaCl.1.299 “ “ 

It will be noticed tliat tlie loss in tlie chloride cells is consider¬ 

ably greater than that in tlie nitrate cells; the acid and oxygen 
formation in the latter having evidently not assisted in the cor¬ 
rosion of the anode. Furthermore, had the nascent oxygen at¬ 
tacked the iron, ferrous oxide, (Fe O) Avoiild liave been the result, 
which, in presence of water forms ferrous hydroxide (Fe O+ 
Hg O = Fe ( 011 ) 2 ). This ferrous liydroxide would have showed 
itself next to the anode; no such laj^er, however, appeared in 
that region. Moreover in most cases where pipes have been 
pitted, the secondary products seemed to have been carried 
away.” 

The real facts and explanation are given in the following con¬ 
clusions : In an electrolytic cell with iron electrodes, having any 
salt or salts of tlie alkaline metals or eartlis in solution in tlie 
electrolyte, the salts are electrolyzed ; their acid radicals (Cl, 
NO 3 , S() 4 , etc.), attacking tlie anode, forming an iron salt. The 
metal set free at the cathode forms with water the hydroxide 
and liberates hydrogen. The ferrous salt diffuses toward the 
cathode, the alkaline hydroxide toward the anode, and at the 
point of meeting the ferrous liydroxide is precipitated and the 
original salt refomied. As the amount of electrolysis varies 
directly witli the strength of current, a comparatively liigh cur¬ 
rent will liberate an excess of the acid radical; tlie critical point 
depending on the affinity of the radical for the iron, the surface 
exposed being the same. This excess forms in tlie presence of 
water an acid, and liberates oxygen. 

Neither the acid nor the oxygen have any effect on the iron, 
the anode being already engaged in the formation of the iron 
salt with tlie acid radikl; hence, the oxygen escapes, and the 
acid diffuses through the electrolyte. Many important physical 
and cliemical questions arise at this point; these, however, can- 
•not be considered here. 

The last experiment, togetlier with the fact that the ferrous 
hydroxide layer invariably forms at some distance away from 
tlie anode, points very strongly to the conclusion that the corro¬ 
sion is Holety due to the attcLoh of the acid TCtdioal of the scdt 
ofighicilby iu- the electrolyte. As chlorides, sulphates and nitrates 
of the alkaline metals and earths are almost invariably found in 
street solids, and as a mere directive force in the way of an 
electric pressure is required to set up an electrolysis of these 
salts, it can be plainly seen that the iron pipes may be corroded 
wherever the potential at the latter is positive to the rail. The 
amount of corrosion in a given time only depends upon the 
amount of the current and the nature of the salts in the soil. 
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Om* investigations lead us to indorse Mr. Farnliain’s method 
of preventing tlie corrosion, and tlie following points in liis sinn- 
inai-y we desire to particularly emphasize : 

1. A return circuit of as low resistance as possible. 

2. A positive pole of the generator connected with the 
trolley. 

Careful location of the danger district and thorough con¬ 
nections between pipe and rail inside of this district; ttie rails 
to be connected to tlie negative pole of the dynamo. 

4. Frequent measurements to be made to see that the danger 
district does not change, and no connections to lie made outside 
of the district. 

Madison, Wis., April 2;i, 1804. 


Mr. C. G-. Aemstkono :—I cannot help but feel that we are guilty 
as charged in this indictment, that we cannot have a great good 
without some small damage, and to offset the manifold blessings 
and benefits of the commercial use of powerful currents of elec¬ 
tricity, we undoubtedly do some damage to other and adjacent 
interests. 


Some years ago I was reijuested to inspect an electric railroad 
in Indiana, where I had some experience with the erratic action 
of electricit}' under ground, and where I made some measure¬ 
ments of differences in potential between adjacent conductors. 
Unlike Mr. Farnham I did not use a voltmeter, but used a mule: 
that is to say, tlie owners had noticed a variation in the opera¬ 
tion and speed of their motors at a certain point. I watched a 
mule team driven over this place and found that at a certain 
point one of the mules became very much agitated, to the e.xtent 
of planting his hind feet on the dashboard of the wagon many 
times in rapid succession. I had no means of ealilirating the 
mule, but would judge that the potential difference must have 
been considerable at this point, and upon inspection I found that 
tlie rail bonds were broken, and a very disagreeable shock could 
be felt by touching the ends of the rails at this point. 

The construction of this plant had been very unscientific and 
extreme differences of potential could be founc^ in different parts 
of the town,_ but being only a country village with few pipes and 
fewer scientists, the matter of destruction to anything except the 
railroad property itself by reason of this faulty work was not 
thought of. 


Wherever we have a fiow of current through the earth, owing 
to its irregular conductivity, we are bound to have differences in 
potential, and where we have differences In potential, electrolysis 
and chemical decom position will occur. Even if this difference is 
extremely slight we will have some destructive action; at the same 
time 1 doubt whether we can have any serious destruction with¬ 
out we have one and one-half volts, or sufficient to decompose 
the moisture, liberating the oxygen which in its nascent state, to 
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iny mind, is the most destructive agent produced by electrolysis, 

I cannot feel that electrolysis is guilty of all things charged to 
it. I do not believe that every defective water pipe and gas 
main was destroyed by electricity. I have seen miles of water 
and gas pipe that was in much worse condition than that shown 
on the screen to-night, where the nearest electric wire was twenty 
miles away. I believe the gas companies are responsible for two- 
thirds of the trouble found in pipes to-day. Where we dig up 
the streets we tind the earth permeated with ammonia and other 
destructive products of the gas retort, which within themselves 
are sufficient to attack and decompose any metal they come in 
contact with; in fact, one of the pipes shown on the screen was 
a gas pipe, and there was a serious decomposition of the metal 
on each side of the union. The author of the paper attributes 
this to the resistance of the union; why might it not have been 
the leakage of the gas? I have found gas pipes that could not 
possibly be acted upon by electricity that were decomposed in 
exactly the same manner, from the gradual leakage of the gas. 

Undoubtedly we are guilty to a certain extent for the destruc¬ 
tion of underground pipes, and the cause I believe can be re¬ 
moved. The use of the three wire system as mentioned by Mr. 
Arnold is undoubtedly one solution, but oflEers complications as 
he mentioned. The use of the return wire as suggested in the 
paper is another remedy, but one which I am afraid will greatly 
interfere with the “returns” at the meeting of the stockholders. 

As mentioned in the paper, every additional pipe protected, 
reduces your protection to all others and to obtain absolute pro¬ 
tection, it would be necessary to literally fill the ground with 
copper wire, and have the di^erent resistances nicely and mathe^ 
inatically balanced, and even then with a large number of cars at 
the extreme end of the line, the resistance might be thrown out 
of balance and electrolytic action result therefrom. 

I think this problem should be viewed just as we do the^ 
wiring of a building, viz., avoid grounded circuits, insulate both 
poles and thereby dispense witli electrolysis, danger from fire, 
and at once solve the dififtcult problem of lightning arresters for 
grounded circuits. 

There seems to be no practical difficulty in the use of the two 
trolleys. They are running in many places to-day with a fair 
degree of success and I believe if it had not been for the violent 
opposition of one of the large companies, as suggested here to-* 
night, it would have been used much more extensively than the- 
single trolley. I really do not see after all why it is not the best, 
way out of the present difficulty. It certainly would not cost as 
much to run a double trolley system as it would to run a com¬ 
plicated system of underground returns connecting to all water, 
gas and other pipes and what not that we meet in the street. 
The system advocated by Mr. Stetson, of an underground 
double trolley, or a similar system with his catch box elevated on 
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posts between the tracks, would afford another method of accom¬ 
plishing the same end. 

If electrical engineer would lay aside the creeds laid down by 
their various commercial interests and attack the problem from a 
purely scientific standpoint, following out the practice of electric 
light engineers, viz., insulate both poles from the ground, tlie ques¬ 
tion of electrolysis would be solved just as the metallic circuit 
has solved many more serious problems in telephony. 

Brief remarks were made by Professor Stine, Mr. Beach and 
Mr. A. S. Hibbard. 

Mr. Abbott closed the discussion on l>ehalf of the author of the 
paper, as follows: 

Me. a. V. AuBorr:—A previous speaker lias alluded to the 
use of the double trolley system, as offering a solution of the 
electrolytic question. 

^ The double trolley system certainly does alford a perfect solu¬ 
tion, but only at the expense of a greater investment of capital 
in the original line construction, as the amount of copper re¬ 
quired for a double trolley system over that needed with the 
single wire would be increased about fourfold, and as much com¬ 
plexity would be involved in the erection of the wiring. The 
objections to the double trolley system, other than those of in¬ 
creased capitalization, are entirely mechanical ones and in ordi¬ 
nary lines can be overcome. The double trolley, about three 
years ago still survived, and it is probably chiefly due to the 
Thomson-Houston company that it does not still exist. 

In all railways which are reasonably straight, and do not en¬ 
counter a great number of intersecting lines, the introduction of 
the double trolley is not a serious obstacle, and by affording to 
the street railway an independent return, places the railway cir¬ 
cuit entirely under control of the railway managers, presenting 
to the company in this respect considerable advantage. It is 
probable, nay, almost certain, that should street railway companies 
be obliged to protect all present existing underground ^truS 
^res by means of special return feeds, as indicated by Mr. 
Farnham, the expense of these feeds, and their introduction 
would be considerably less than the original cost required to 
equip the line with a double trolley system. 

Personally, I have always been in favor of all electrical com¬ 
panies operating entirely upon metallic circuits which sliould be 
peculiarly and appropriately their oWn. I think the advantages 
to be derived from this principle of operation will, sooner or 
later, be appreciated, and that street railway companies, electric 
lighting companies, telephone corporations, in fact, all electri- 
• cal industries will, in the not far distant future, be each equipped 

independent complete circuit. 

The presence of overhead wires in the crowded city streets, is 
constantly urged as an objection to the trolley system, whether 
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it be single or double. Inventors have been constantly called 
upon to devise methods whereby the streets could be relieved 
from this objection. 

A conduit electric road is at the present time perfectly feas¬ 
ible, and its successful construction and operation is merely a 
question of the amount of capital that the promoters are willing 
to invest. Ordinarily speaking, an electric road can be built 
and equipped in running order at an expense of from thirty to 
forty thousand dollars per mile including all items, excepting 
that of real estate, franchises and buildings. The cable road is 
typical of the conduit system, and is always expected to cost 
from one hundred twenty-live, to one hundred fifty thousand 
dollars a mile. The widespread and rapid introduction of elec¬ 
tric roads has chiefly resulted from the fact that they require so 
much smaller capitalization in the outset, and that they, there¬ 
fore, ma^y be introduced in districts that are not thickly settled, 
in which tlie traflic could never be made to pay the interest and 
depreciation on the more expensive cable plant. Cable roads 
could never, for a moment, be considered, in many of the dis¬ 
tricts where electrical roads are now successfully and remunera¬ 
tively operating, having superseded animal traction. 

If a street railway company is willing to invest in an electric 
road the same amount of capital as is called for by the ordinary 
cable road, a successful conduit system can be at once introduced. 
The success of the conduit electrical road simply depending 
upon its being built well enough to do the work required of it. 

Ill a consideration of the return system for an electric road, 
the railway company should not forget, that by providing an 
adequate return circuit which will protect other underground 
structures, they are not only securing immunity for themselves 
from damage suits, but at the same time are putting more money 
into their pockets in a saving of coal pile, than the interest and 
the depreciation upon the investment involved in the return cir¬ 
cuit will amount to. 

In building some 300 miles of electric road I have universally 
found that the grounded return circuit absorbed more energy 
from the station than any other part of the line, the car motor 
only excepted. In one instance in mind, the return circuit of 
the road was so poor, owing to defective rail bonding and the 
dry condition of the soil that, in many instances, the rail bonds 
had actujdly burned their way through the ties of the road and 
allowed the rails to separate. 

In another instance, motor repairs were reduced several hun¬ 
dred dollars a month by the addition of an appropriate amount 
of feed wire. 

In a third case, the amount of power required for operation 
was reduced to 80 h. p., by the provision of an appropriate return. 

. I feel quite confident that, if the engineers of the majority of 
electric railways in this country would carefully study their cir- 
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cnits, making accurate measurements thereon, they would be 
immediately convinced that the expenditure required for an ap¬ 
propriate return circuit w'hich could in a majority of instances be 
arranged to protect existing underground structures, would re¬ 
sult in an actual saving to them in fuel, and would be an invest¬ 
ment upon which they could immediately enter. 

After the discussion was closed it was moved by Edward 
Caldwell, and upon motion it was carried, ‘Hhat it is the opinion 
of the western members of the American Institute of Electrical 
Engineers that the expenses incurred in connection with the local 
meetings held in Chicago should be paid out of the general funds 
of the Institute, and that a committee of three, of which Mr. 
Hibbard shall be chairman, be appointed to bring this matter to 
the attention of the Institute at the Annual Meeting in Philadel¬ 
phia next month for the purpose of securing, if possible, such 
legislation as will make the general funds available for this pur¬ 
pose.” 

The meeting then adjourned, leaving the other members of 
the committee to be appointed later. 


[Reply to the Chicago Discussion, Communicated by Me. 

Faknham.J 

I have read with a great deal of interest the able discussion in 
Chicago wliicli followed tlie reading of my recent paper. The 
work of Professor Jackson and liis assistants is of special service,, 
as it ought to entirely dispose of the doubt Iieretofore existing 
in many minds, that currents produced by small differences in 
potential are sufficient, and actually do cause con’osion of metal 
buried in the earth. I liope readers of tins paper will not pass, 
too lightly over this fact. If we appreciate tlie danger as it ex¬ 
ists, we shall be more likely to apply a sufficient remedy, and we 
shall look for the danger in important places wliich otherwise 
may escape detection until too late to controvert serious loss* 
The Chicago discussion calls attention to serious ejJects of elec¬ 
trolysis upon metal lined underground tunnels. How may it be 
with anchorages to suspension bridges, and to the ii'on feet of 
elevated railway structures, especially those employed to carry in 
a measure the heavy currents of the railway ? ^ 

Referring to Mr. A. T. Welles’ remarks. I did accidentally 
confuse Cinciimati with Cleveland. 

It was unfortunate, as Cincinnati having a good example of 
the double trolley system miglit be expected to escape tlie trouble 
from electrolysis. This expectation would undoubtedly be rea¬ 
lized but. for the fact that there is also in the city a small electric 
railway system employing the single trolley, 

1 . The most powerful and important agents in nature are slow in their opera¬ 
tion. 
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I have but little criticism to offer upon the discussion. I agree 
entirelj^ with all that has been said, both in New York and Chi¬ 
cago, as to the importance of large railway returns and thorough 
bonding of rails. Mind you, I do not say “ ample ’’ railway re¬ 
turns, ior returns ample to prevent escape of current to the earth 
and adjacent pipes cannot practically be provided. 

I am in hearty accord also with the able remarks of Mr. Ab¬ 
bott and others with reference to the employment of the “ double 
trolley system,” or in fact any system which maintains the entire 
circuit well insulated from the earth. My paper implies this, and 
to this end I have written several articles in the early days of 
the railway ventures. 

I do not agree that it is as well to connect pipes to the rails 
within the danger zone or area as to em^loj a special return wire, 
for relieving them. A careful study of the situation which may 
be met in large cities will make it clear that not only must the 
pipes have good conductors back to the dynamo, but that the 
potential of the earth about them must in some cases be raised 
above the normal condition ; this can be accomplished in no way 
easier than by so proportioning the return system of the rails and 
the pipes as to cause a small passage of current from rails to 
pipes through the earth, within the danger territory. 

Nor do I agree with Mr. Armstrong, that the ground inay 
have to be filled with copper to accomplish the remedy if applied 
as I recommend. A careful perusal of the paper itself, and the 
New York discussion will make it unnecessary to explain further 
why a comparatively small amount of copper properly placed 
in the danger area will transfer the damaging action from the 

pipes to the railway system itself. 

I must note again in closing, my great satisfaction with the 
handling of the paper and the discussion at Chicago, and I wish 
to express my personal thanks to all who have aided me in the 
preparation and presentation of this paperj ^/ud to others who 
have added so much of interest and value by the discussions. 

Boston, May 9, 1894. 



AMERICAN INSTITUTE OF ELECTRICAL 

ENGINEERS. 


Annual Meeting. 


Philadelphia, Pa., May 15, 1894. 

The Annual^ Meeting of the Institute was called to order at 
10.30 A.M. on Tuesda/y, May 15th, at the house of the Engineers’ 
Gluh, 1122 Girard Street, by the President of the Institute 
Professor Edwin J. Houston. ’ 

It was voted that the reading of the minutes of tlie previous 
annual meeting be dispensed with, and, on motion, they were 
approved as printed in the Tkansaotions. 

1]he President:— Before proceeding to the next order of 
business, which will be tlie report of the Council, the duty of 
the meeting is to appoint tellers. The rules call for two tellers. 
Will some gentleman make a nomination? 

Messrs. Metcalfe and Upton being nominated, they were ap¬ 
pointed by the President as tellers. 

Mayor Stewart, of Philadelphia, was then introduced by the 
President, who welcomed the Institute to the city, with appro¬ 
priate remarks. 

The President : — Mr. Mayor, I desire to express, on behalf 
of the American Institote of Electrical Engineers, the body 
I have the honor of presiding over at the present time, their 
thanks for the warm and cordial manner in which you have wel¬ 
comed us to^ the city of Philadelphia, for the flattering things 
you have said about us, and for the kind invitation you liave 
given us. I assiire your honor, that we shall hold this meeting 
in Philadelphia in pleasant remembrance. 

Mr. John C. Trautwine, Jr., President of the Engineers’ 
Club, of Philadelphia, upon invitation, addressed the meeting as 
follows: I trust that I may be able to give expression to the 
sincere pleasure it aflPords me to bid you, in the name of our 
club, a hearty welcome to our house, where I tinist that you will 
be able to make yourselves comfortable during your brief stay in 
our city. 246 
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Our club, as must almost of necessity be the case in a local 
engineering organization, numbers among its members engineers 
of all branches of the profession, and among these are many 
worthy and active representatives of your own branch, and mem¬ 
bers of your Institute. 

His honor, the mayor, has already pointed out to you the fit¬ 
ness of selecting, as the place for holding your tenth annual 
convention, the city of Franklin’s electrical researches, the city 
where his remains were laid to rest. But Philadelphia claims 
also the honor of being the birthplace of your still young, and 
already vigorous, organization, and in this way we see another 
claim to your attention. 

I congratulate you upon the excellent weather which your 
local committee lias selected for the occasion, and I trust that 
your stay with us may be in every way enjoyable. 

The following reports of the Council and Treasurer were then 
read. 

AMERICAN INSTITUTE OF ELECTRICAL ENGINEERS. 

Report of Council for the Year ending April 30th, 1894. 

In compliance with the rules of the Institute your Council begs leave to 
submit the following report covering the period since the Annual Meeting, 
May i 6 th, 1 S 93 . 

Ten regular meetings and one special meeting of the Council have been 
held at which the average attendance was 9 . 

As stated in the report of last year, there has been a desire manifested 
by the membership for the adoption by the Institute of an official badge, 
and a certificate of membership. Many designs were submitted and the 
matter was given careful attention by a special committee. Both the 
badge and certificate were prepared for distribution about the date of the 
last annual meeting. Your Council has also instructed the Secretary to print 
upon all publications of the Institute the emblem thus officially adopted. 

In view of the probability of a large number of visitors at the World’s Fair 
and Electrical Congress, who would be glad to avail themselves of office 
facilities, your Council recognized the necessity of establishing at the 
Electricity Building, a suitable rendezvous, which was placed under the 
direct charge of the Secretary. As no fund existed which could be properly 
drawn upon for this object, it became necessary to issue a call for voluntary 
subscriptions for this purpose. There was a general and hearty approval 
of the plan and as will be seen by the financial report, the receipts were 
$ 1 , 148 . 14 . This amount was not quite sufficient to cover the entire ex¬ 
penses which were $ 1 , 331 , 047 , leaving a deficit of $ 183 . 33 . ^ 1 ^® beneficial 
results accruing from the carrying out of the plan under the supervision of 
the special World’s Fair Committee may be learned from their final report 
submitted February 21 , 1894, from which the following is an extract, 

‘ ‘ The wisdom of establishing official headquarters at the Fair 

“ has been conclusively proven, and your Committee 
* * stitute may well congratulate itself upon the results achieved. The Institute 
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register shows the memorandum of 612 visitors, among whom were many 
“ of the most distinguished electricians of the day. Eighty-one new asso- 
ciate members have been elected this season ; 15 come up for election on 
January 17th, and 21 are posted for the February meeting. A total of 
“ 117. Although but few meetings have been held this season, this num- 
ber is already in excess of the increase in membership during the entire 
years of i8qi and 1892. A large proportion of this increase can be traced 
“ directly to the World’s Fair headqtiarters, and without doubt our member- 
* * ship will continue to be largely augmented by the addition of many of 
those identified with the electrical profession who have been led to ap- 
“ preciate the importance of the Institute through information received 
*'■ at the official headquarters at Chicago.” 


It may also be stated that the expense of maintaining independent offices 
was less than would have been necessary had the Institute joined in the 
maintenance of the general engineering headquarters at Chicago which 
would have required an assessment of $2 per member, or a total expendi¬ 
ture of $1,380, with far inferior results. ^ 

The record of the preliminary work of the Institute in preparing for the 
International Electrical Congress of 1S93 has been very fully placed before 
the membership in the printed TR. 4 NSACTroNs, and it is satisfactory to know 
that it was generally appreciated, especially in the deliberations of the 
Chamber of Delegates. In order to provide for the publication of the pro¬ 
ceedings of the Congress, an arrangement was entered into between the 
regularly appointed Publication Committee and your Council, by which the 
Institute has undertaken to secure a sufficient number of subscriptions to 
guarantee the publication of the Congress records without loss. The limit 
of 400 subscribers having been reached, the work has been started and it is 
expected that the book will be issued by vSeptember next. Should any surplus 
accrue from this undertaking, it has been recommended by the World’s 
Fair Committee that it be applied to cover the deficit in the World’s Fair 
fund as stated. Owing to the lack of time, several matters were left un¬ 
finished by the Congress, some of which were deemed of such importance 
that a committee has been appointed of which the President is Chairman, 
to carry on the necessary investigations and report upon a standard of 
illumination. This matter, which was considered the most important item 
of incompleted work, is in the hands of various sub-committees, having 
laboratory facilities at their disposal in various parts of the country, and is 
under the direct supervision of members of the Institute. 

The plan of printing and distributing to the entire membership the ad¬ 
vance copies of the papers read before the Institute meetings, has been 
carried out as thoroughly as possible during the year. The distribution of 
the revised papers with their discussions at the end of the year in a bound 
volume, has been generally appreciated, and while this plan has added 
somewhat to the cost of publication, the total expense incurred was less than 
for the volume of Transactions issued for the previous year. 

Among other results of the World’s Fair year, the increase of member¬ 
ship in Chicago and vicinity, led to a desire upon the part of western mem¬ 
bers for an opportunity to discuss the various papers brought before the 
Institute. At the November meeting in New York City, a plan was author¬ 
ized by v/hich upon the petition of 20 members such meetings might be 
held either simultaneously or following the meeting at which the paper 
was originally read. Two meetings under this plan have already been 



1894.] 


COUNCIL AND mEASURENS REPORTS, 


249 


held at Chicago, at which the papers read in New York City on March 21 st 
and April iSth were also read by proxy, and discussed. Letters received 
by the Secretary from western members indicate a hearty approval of the 
plan and it seems likely that it will become a permanent practice of the 
Institute, and lead to a most important extension of its influence. Every 
movement of this kind which has been undertaken with a view to extend¬ 
ing the more general knowledge of the work of the Institute seems to lead 
to a substantial growth of membership, 

Without going into the detailed statistics of your affairs during the past 
10 years, the following statement is of interest, showing the number of 
members who have been elected and actually qualified for membership 
during that period;— 


1884. 

.154 

1889. 

.II3 

IS85. 

. 14 

1890. 

.II6 

1886. 


1891. 


1887. 


1892. 

. ofi 

1888. 

. 70 

1893. 





991 


The lesson to be learned from this statement is, that there must be yet a 
large number of electrical engineers who may be expected to become mem¬ 
bers in the near future, and it has been the policy of your Council to main¬ 
tain the standard of membership in order that such membership become 
year by year of constantly increasing value. The ten volumes of Trans¬ 
actions already issued form in themselves a very complete record of 
electrical progress during the life of the Institute. Many of the most im¬ 
portant inventions and researches have first been made public under the 
auspices of this organization. 

The total membership at the close of last year’s report was 673 , classified 
as follows: 


Honorary Members. 3 

Members.... 

Associate Members. 4^4 

Total. 673 

Honorary Members elected during the past yea#... i 

Associate Members elected. ^79 ^80 

Total. 8 s 3 


The following have resigned during the year; 

S. V. HOFFMAN, 

CHAS. L. POOR, 

L. H. LAUDY, 

H. B. CRAM, 

WM. GRUNOW, Jr., 

J. D. GAINES, 

H. H. HOSFORD, 


CHAS. TAYLOR, 
E. Z. BURNS, 

E. J. WESSELS, 
G. E. FISHER, 
EDW. BLAKE, 

P. P. BEALS, 

S. W. HUFF. 


Total resignations 


14 


'The following have died during the year : 

Dr. JAMES B. WILLIAMS, ANTHONY C. WHITE, 
GROSVENOR P. LOWREY, Dr. F. SCHULZE-BERGE, 
ANTHONY RECKENZAUN, Dr. CHAS. E. ZETZSCHE. 

Total deaths..... ^ 

Dropped from the roll on account of non-payment of dues. 20 

Elected, but failed to qualify.. . *3 _^ 


800 
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Leavinar a total membership of 800 on April 30th, (a net gain of 127,1 classi¬ 
fied as follows: 

Honorary Members. 

Members. 

Associate Members . .. ... 


3 

23s 

562 


800 

The reports of the Secretary and of the Treasurer show in detail the 
financial affairs of the Institute at the close of the fiscal year: 


SECRETARY’S BALANCE SHEET, 


For The Fiscal Year Ending April 30, 1894. 


Dr. 

To balance from i8q3.$ 2334 By cash to Treasurer. 

Receipts for the year. 10,385 26 Secretary’s Balance on hand. 


$^,408 60 


Cr. 

$*©♦363 70 ' 

44 Q Q 
$10,408 60 


ITEMIZED vSTATEMENT OF RECEIPTS AND EXPENSES OF 

THE INSTITUTE, 

For Fiscal Year Ending April 30, 1S94. 


General Account 


Receipts. 

Treasurer’s Balance from previous year,$ 90 90 


Secretary’s “ “ 23 34 

Sundry Receipts. S 40 

Entrance Fees.825 00 

Life Membership (E, J. Houston). 100 00 

Past Dues.229 15 • 

Current Dues.. 5gai 50 

Advance Dues. iSx 66 

Electrotypes Sold...... 153 57 

Transactions Sold... 34$ 31 

Transactions Subscribers. . ... 14x45 

Advertising. 254 72 

Received for Binding Transactions. ... 37 14 

“ Badges.S3 2 70 

“ “ Ctrtificates .. 158 42 

“ “ World’s Fair Fund. 1148 14 

“ ‘‘ Congrtss Book (Advance 

Subscribers). 35X 10 


Expenses. 

Office E.\penses....$138 92 

Office Fi.\tures. 12 30- 

Telegrams. 5 72 

.Stenography and Typewriting. 429 50 

Stationery and Miscellaneous Printing.. 673 56 

Postage.296 52 

Messenger Ser\ ice... 39 90 ■ 

Salary Account.1999 95 

Meeting F.xpenscs. *23 93 . 

Rent of Office and Auditorium.900 00 

Express. ix 25. 

Engraving and Electrotyping . .406 03 

Publishing Transactions.2337 xt 

Advertising. 7 50. 

Binding Transactions and Periodicals... 246 99 

Paid for Badges... 644 30 

Paid fcr Certificate.s. 337 75 

World’s Fair Quarters and Expenses... .1331 47 

Sub.scription to Electrical Congress. 50 00 

Expenses Congress Book. 47 .‘>5 

Copyright. 5 oo» 

Duties. I 75; 

Secretary’.s Balance to next year. 44 90- 

Treasurer’s ‘‘ “ “ 2,07 <2. 


Total, $10,499 50' 


Total, $10,499 so 

The outstanding current bills against the Institute, April 30, amounted to ... $1,764 46 

Due from members.. .jg 

Due from advertisers and others ...... *.... 277 7t 

The financial depression of the past year has been severely felt in elec- 
trical circles, and has had its effect in retarding collections. Fortunately, 
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however, this has not interfered with the ordinary administration of your 
affairs, and has certainly not checked the growth in membership, which is- 
in excess of any previous year. 

Respectfully submitted by direction of Council, 

RALPH W. POPE. 

Secretary,. 


AMERICAN INSTITUTE OF ELECTRICAL ENGINEERS. 

New York, May i, 1894. 

TREASURER’S REPORT, 

From May i, 1893 to May i, 1894. 

Gec»rgic M. Piieli‘s, Treasurer, in account with 

American Institute of Electrical Engineers.. 

Dr, 


Balance from May i, 1893.$ 90 90 

Received from .Secretary, May i, 1893 *^94 . 7 ° $^<^»454 60 


Cr. 

Payments from May i, 1893 ^^y warrants from 

Secretary, Nos. 429 to 521, inclusive.. 

Balance to new account.. • • • • 

Balance on hand, General Fund, May r, 1894.. 


■ BUILDING FUND. 


Balance as per last report. 

Interest accrued to May i, i894»,3 per cent., to May 14,1892 and 
2 per cent, thereafter.. 


10,047 06 
407 54 

$10,454 60 


■ 407 54 

$ 850 00 

• 

55 49 

905 49 


Cash book and warrants herewith for audit. Vouchers are in the hands 
of the Secretary, to whom they are returned for filing after payment. 

GEO. M. PHELPS, 

T reasurer. 

New York, May s, 1894. 


Messrs. Hammer and Willyoung were appointed by the Chair 

to audit the accounts of the Treasurer. ^ ^ 

The President I —There are various items of business which 
ought properly to come before the Institute to-day \ among 
others are reports from the Committee on Units and Standards, 
and other matters which probably will suggest themselves to 

you. • • rni. -0 

It may not be amiss now to give one or two notices, ine iCe- 

ception Committee, to whom is referred the matter of the 
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informal reception tendered to our Institute by the Engineers’ 
€lub, of Philadelphia, and the Electrical Section of the^Frank- 
lin Institute, to be held to-night at half-past eight at the Manu¬ 
facturers’ Club, 1409 Walnut Street, wish me to say that they 
have sent no formal invitations to the members, but tl'mt they de¬ 
sire that all shall consider this as an invitation to attend'^that 
reception to-night. I may also state that an invitation has been 
sent to those who care to avail themselves of it, to visit Girard 
College. Those having in charge matters of interest to the 
ladies I think might note that. Girard College is a beautiful 
institution located within ready access to various lines of cars 
and would well repay the visiting ladies as well as the members’ 
it they could find the time to visit it. Also the Athletic Club 
of the Schuylkill Mavy. Its clubhouse is open to the gentlemen 
members, and they will be admitted at the door on presentation 
of their badge or card, or on the "mere statement that they are 
members of the Amkeican Institute op Eleoteical Engineers. 
Y ou will find there a very pleasant clubhouse where you can 
Lave all the advantages of an ordinary chib including a ver\' 
good pool of filtered, heated v'ater for swimming. The Frank¬ 
lin Institute of the State of Pennsylvania, the Historical Society 
and the University of Pennsylvania also invite onr members to 
visit tliGiTi. TliGrG tiro j^lso iTiv’itcitioiis from tlio now power 

Philadelphia Traction Comjiany, the station of 
the Udison Electric Light Company, the factory of tlie Chloride 
Accumulator Company, the plant of the Germantown Electric 

Light Company, and other invitations which I do not recall at 
the present time. 

_ The Institute is now oiien for the transaction of business. Is 
it your wish to take up the reports of the Committee on Units 
and Standards % If there is no objection we will take them up 
in the order in which they have been presented. 

The Secretary read the following repoi-ts: 

. . New York Oitv, May 15 , 1894 . 

lo the 1 resident and Council American Institute of Electrical Enoineers 
New York City. 

Gentlemen:— Your Committee on “ Units and Standards” desires to submit 
the followiiiij report: 

In accordance with instructions from your Committee “On Uncompleted 
Congress Work,” a circular letter was addressed to— 

1 st, Ihe Institution of Klectrical Engineers, London. 

2 d. La Societe Internationale des filectrieiens, Paris. 

3 d. The Physikalisch-Technische Reiehsanstalt, Charlottenburg, Germany. 

4 th. The Elektrotochnischer Verein, Berlin. 

leqiiesting the favor of their opinion as to the meaning which should conven¬ 
tionally attach to the word inductance.” 

This word ‘‘inductance” has unfortunately been employed by different 
writers in two senses, and has, therefore, given rise to confusion of meaning and 
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perplexity among students. In Great Britain, Messrs. Oliver Heaviside (who 
originated the term) Andrew Gray^, Dr. J. A. Fleming® and others, have em¬ 
ployed the term in their writings as representing a coefficient of induction con¬ 
ventionally symbolized by the dimensional formula X, and the same meaning 
has been employed by a number of writers in this and other countries. On the 
other hand, several of the French writers, Professor Silvanus Thompson® in 
Great Britain, followed by Mr. Steinmetz^ and others in this country and 
abroad, have employed the word in their writings as signifying the product of 
a eoeflicient of induction and an angular velocity, conventionally symbolized by 

L 

dimensional formula j* 


It was liojicd that the delegates a,t the Chicago International Congress would 
render a decision as to the meaning which shoiild conventionally attach to the 
word, but as this hope was not realized and the confusion still continues, the 
above mentioned circular letter was addressed to four of the most prominent 
electro-technical associations of Euroiie in the hope of ascertaining by the favor 
of their replies, the consensus of opinion upon the subject. We beg to append 
herewith the replies so received. 

It would seem that in the opinion of the Societe Internationale, “induct¬ 
ance ” sliould be regarded as the product of a coefficient of self-induction and 


angular velocity. 

The Tjondon Institution of Electrical Engineers considers that the significa¬ 
tion of the term sliould be that which its originator, Mr. Oliver Heaviside, 


attaclied to it, viz., ‘‘The coefficient of self-induction.” 

Tlic Physikalisch-Tochnischo Reichsanstalt gracefully accepts the meaning 
od’ered by Dr. Fleming and others, viz., “ A Coefficient of Induction.” 

The Elektrotochnischer Vercin expresses no opinion. 

In expressing our imlebtedness to these institutions lor their courtesy in 
according to us tlicir views, your committee desires to recommend the opinions 
expressed by the British and German bodies that “Inductance” should mean 
“ A Coefficient of Induction,” and while we regret that this opinion is not uni¬ 
versal, and tliat the members of so eminent a body as La Societe Internationale 
of Paris should have taken an opposite view of the subject, yet we believe, that 
the majority of the opinions obtained entitles us to recommend to the Institute. 
the adoption of the word “Inductance” as a “Coefficient of Induction” con¬ 
ventionally symbolized by L. 

Yours respectfully, 


F. B. Crockee, 

William B. Geyer, 

W. D. Weaver, 

A. E. Kbnnelly, 

Geo. a. Hamilton, 

Committee. 


1. “ Abs. Meas. in Electricity and Magnetism ” vol. ii., pp. 344 and 345. 

2. “ The Alternating Current Transformer ” 

3. “ Dynamo Electric Machinery,” 4 ^i* edition, p. 629, 

4. Steinmetz - Transactions A. I. E. E.” vol. i*., No. i, p. 6i, January, 189a, also vol. x., 
p. 231, April, 1893. 
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Paris, le 13 Deeembre, 1893. 

Soeiete Internationale des felectriciens, Reoonnue d’litilite publique, 

44 Rue de Rennes, 44 (place St. Gennains-des-Pr4s,) Paris. 
A Monsieur A. E. Kennelly, Chairman 

American Institute of Electrical Engineers, a New York. 

Monsieur :-~Par votre lettre dll 10 Novembre dernier, vous avez bien voiiln 
deinander il la Soeiete Internationale des Eleetriciens d’exprimer son opinion 
rsur la signification conventionnelle qiiMl conviendrait d’adopter pour le termo 
“Inductance.” 

Le desir a 6 te transrais a la Soeiete dans sa derniere Reunion Mensuelle. 

Considerant qu’une Coiniuissiou speciale de la Soeiete a delibere sur ee point 
•en Mai dernier, et que ses conclusions, approuvees cn seance, out etc publiees 
dans le Belletin Mensuel de Juin, 1803 (page 285), la Reunion a etc d’avis do 
niauitenir ses conclusions precedeutos a I’egard de la locution visee. 

Ye vous adresse, d’antre part, le fascicule du Bulletin eontenant la delibera¬ 
tion de la Soeiete. 

Yeuillez agreer, Monsieur, rexpressiou de nies sentiments les plus distingiies. 

Le Secretaire dii Comitt, 

(Signature) 


Translation. 

8 tR:--In your letter of the 10th ult., you have expressed a request that the 
Soeiete Internatiomde des Electi-ieieiis sliould express an opinion upon the coii- 
ventional signification that should attach to the word “ Imluctance.” 

This request has been laid liefore the Soeiete at its last rnonthlv meetin‘^ In 
consideration of tlie fact that a. special committee of the Soeiete‘eonsiderSi tliis 
point in May lasts and that its conclusions, approved in session, were published 

in the of June, 1893, page 285, the meeting decided to main¬ 

tain its prior conclusion in regard to the said term. 

I beg to lorward to you a copy of the Bulletin containing the views of the 
bociete, and remain, etc. . . ^ 


The following extracts from the record forwarded by the Soeiete aiipear to be 
the only ones bearing upon this question. ^ * 



^ La Commission propose de donner un nom a la grandeur dont le carre 
ajoiite au carre de la resistance d’un circuit traverse par un courant periodiqiie 

donne le carre de sa resistance apparante. Le nom do reactance pourmit 
convenir a eette grandeur.” 

A full translation of the report lias appeared in the Transactions of the 
American Institute, Vol. X., page 419. 

From the official record, therefore, the views of the Soeiete might remain in 
doubt. The views expressed by prominent members of the Soeiete upon “ in¬ 
ductance” appear, however, in discussions upon this subject published in pre¬ 
ceding numbers of the Bulletiu Mensuel^ and which appear in abstract in 
the Transactions of the American Institute of Electrical Engineers, Vol. 
X., pages 407 and 411. Prom these opinions which are not controverted in the 
iQi(!|jial report, the above stated conclusion has been reached concerning the 
attitude of the French Institute in the matter. 

Elektrotechnischer Verein. 

^ . Berlin, den 14ten December, 1893. 

In beantwortung ihres geehrteii schreibens vora 10 v. mts. theile ich ihnen 

wissensehaft- 
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loll bedaure dahcr sehr, Ihrien niit der gewiinsehen aaskuiift tiicht dienen zii 
.koiinen. 

Hochachtungsvoli, 

Nordmann, Schriftflihrer des Blektroteehniseher Vereins. 

An das Comitt* on Units and Standards, 

American Institute of Electrical Engineers, 

per A. E. Kennelly, Chairman, New York. 


Translation. 

In reply to your favor of the 10th ult., I beg to inform you that the expres¬ 
sion “Inductiinee” is not customary in German scientific works. 

I therefore regret that I am unable to give you the desired information. 

Nordmann, Secretary of the Elektrotechnisher Verein. 


PiivsiKALiscii-TEcnNiscnE Keichsanstalt. Antheilung II. 

Charlottenburg, den 22ten December, 1893. 
Berliner Str. 151. 

Auf the aufrage ilires Committee oil Units and Standards vom 14 v. Mts. 
beehrt sicli die Iteichsanstalt folgendos zu erwiedern. 

Wie ihnen liekannt sein dilrfte, wird in Deutschland der Ansdruck ‘‘Induc¬ 
tance'’ llberliaulit nieht gebraucht. In rein wissensehaftlichen Abhandlungen 
und der weeliselseitigen induction halifig die Ausdruckc “Potential einer spule 
auf sich selbst ” umr“ Potential einer spule. auf die andere,” wahrend in tech- 
nischwissenschaftliehen arbeiten, und neuerdings auch in rein wissenschaft- 
lichen aufsatzmi die ei*steren Bezeichnudgen bovorzugt werden. 

In der englischen Ijittoratui* wird wenigstens von massgeben den Autorendas 
Word “ Inductance stets im sinne eines Induction Coefiicienten angewandt 
und hat somit die dimensionen einer lange (vgl. Z. B. Fleming, The alternate 
current transformer, Vol. I, p. 51 und lio.s[)italier. Bericht fiber die verhand- 
lungen de.sInternationalen Electrotechnicher congresses zuPrankfuft a M. 1891, 

^’lii dem ohm'.scbeu gesetz fur .sinusoisale strome tritt der inductions coefficient 

L bekanntlich im neuner multiplicirt mit einer Winkelge- 

schwindigkeit p auf, so dass das Product pL die dimensionen eines widerstandes 
hat. Zur Underscheidung von dem ohm’sehen widerstand R wird deshalb auch 
in der englischen litteratur <lie grasse pL, den man in Deutschland keinen be- 
sonderen namen gegeben hat, als “ inductive resistance ” bezeichnet (Fleming 
loc. cit p. 110); diircli diesen ausdruek wird die von ihnen erwahnte zweideiU- 
igkeit im bebrauch dcs wortes, inductance vermieden. 

Physikalisch-Technische lieichsanstalt, 

Antheilung II. Hagen. 

To the American Institute of Electrical Engineers, 

New York City, U. S. A. 

P. T. R., II., 5524. 


Translation. 

, To the question of your committee on “Units and Standards” of the 14th 
ult., the iWchsaiistalt has, the honor to reply, as follows: i i. n • 

As you are doiibtle.ss aware, the term “Inductance is not used at all m 
Germany. In purely scientific wofks the notion of a coefficient of self-induc¬ 
tion and of rniital induction commonly finds expression as “the potential of a 
coil upon itself” or as “ the potential of a coil upon another, while^iu tech¬ 
nical scientific works, and recently also in purely scientific works, the first men¬ 
tioned expressions are preferred. i ... i i. »» 

In English literature, at least by prominent authors, the word mductance 
stands in the sense of a coefficient of induction, and has, therefore, the dimen- 
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sions of a length (see for example Fleming, the Alternate Current Transformer 
vol. i., p. 51, and Hospitalier Bericht uber die Verhandluugen des Internation* 
alen Eleetroteehnicer Congresses zu Frankfurt, a M, 1801, p. 64). 

In Ohm’s law for sinuso idal currents, the eoeliieient of induction L is known 



the term “inductive resistance” (Fleming, Ibc. cit., p. 116); through these 
expressions the ambiguity you have pointed out in the use of the word “in¬ 
ductance ” may be avoided. 

Physikalisch-Technische Reiehsanstalt, 

Section 11, Hagen. 


The Institution op Electrical Enoineers. Pounded 1871. Incorporated 1888. 

Victoria Mansions, 28 Victoria Street, London, S. W., 

November 28, 1808. 

My dear Sir:-—1 beg to acknowledge receipt of vour letter of the 9th inst 
which I will take the earliest opportunity of eomniunicating to the Council of 
the Institution. 

I am, my dear Sir, yours faithfully, 

F. H. AVebb, Secretary. 

Chairman on the Committee of Units and Standards, 

American Institute Electrical Engineers. 

The Institution of Electrkul Engineers. Founded 1871. Incorporated 1888. 

AHctoria Mansions, 28 Victoria Street,, London, S. VV., 

December 15, 1898. 

Dear Sir :•—Referring to your letter of the 9th nil;., the receipt of which I 
aekiiowledged on the 28th, I beg to inform you that the Council have appointed 
a special Cmumittee to consider the question which you have put to them, and 
as the new Council to whom the Committee’s report must be submitted do not, 
meet^until next month, it will be some little time before I am able, to send you 
a deniiite reply. 

I am, dear Sir, yours faithfully, 

F. H. AVebb, Secretary. 

Chairman on the Committee of Units and Standards, 

American Institute of Electrical Engineers. 

The Institution of Electrical Engineers 
(late the Society of Telegraph Engineers and Electricians). 

Founded 1871. Incorporated 1883. 

Victoria Mansions, 28 Victoria Street, London, S. W., 

April 18, 1895. 

Dear SiR:^In reply to your request for the opinion of this Institution as to- 
the meaning that should conventionally attach to the term '‘Inductance” I 
am now instructed to inform you that the Council consider that the signiW 
tion of the terra should be that which its orgiriator, Mr. Oliver Heaviside 
attached to it, viz., “ the CoelHcient of Self-Induction.” 

I remain, dear Sir, yours faithfully, 

F. H. Webb, Secretary. 

Chairman on the Committee of Units and Standards, 

American Institute op Electrical Engineers. 
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The Pkksident: — You have heard this i*eport of the Com¬ 
mittee on Units and Standards. What action will you take on 
it? 

Mr. Hewitt: —Would it not be well, before taking action, to 
ask Mr. Steinnietz to give ns some reason for using the term as 
he has in his writings. 

The President:— The Chair would be happy to call on Mr. 
Steinnietz. 

Mr. St^'inmetz:— I hardly think I shall be able to give here a 
complete statement answering these questions. 

I did not originate the use of the term ‘‘inductance” in this 
meaning as a wattless resistance, but adopted it, following the 
precedence of others, as S. P. Thompson. 

It was in telegrapliy that the eft’ect of self-indirction was first 
observed in practice, and denoted by the term “time constant of 


the circuit.” 

Witli the advent of alternating current engineering, self-in¬ 
duction became of inniortance in electric light and power distri¬ 
bution and transmission, as a phenomenon, consuming e. m. f. 
proportional to the current strength, analogous to resistance; 
with the distinction, however, that the e. m. f. consumed by the 
resistance is in phase with the current, and thereby represents 
consumption of energy, wdiile tlie e. m. f. consumed by self-in¬ 
duction is in (juadraturc with the current, and thus does not con¬ 
sume energy, but merely influences the flow of current. 

It became necessary when dealing with alternating currents 
to introduce a term analogous and of the same dimension as 
resistance, and for this wattless resistance as apparently the best 
suitable word, tlie name inductance olfered itself and was applied 
frequently, while tlie ((iiantity L retained its former name “co¬ 
efficient mduction,” which seems to me no drawback, since L is 
used very little in practice. 

The necessity for a proper name for % n N L was nniversally 
felt; and a great number of different names were proposed and 
abandoned again ; in short, it was a groping for a proj)er term. 
“Magnetic momentum,” “inductance speed,” ohmic induc¬ 
tance,” etc. were used. Since, however, tlie name “inductance” 
appeared to be the best suitable, and though introduced for 
seemed to me very little needed for this quantity, I saw no ob¬ 
jection to the use of “inductance” for 2 tt iYZ or rather for the- 
wattless resistance which, as you know, may he due to other 

causes also, as to capacity. / , 

In circuits containing capacity, we find a wattless resistance ot 

the value which, however, is of opposite direction to 

^Tc' N K 

the inductance of self-induction, hence, is to be introduced as- 
negative inductance and has been called “condendance,” But out¬ 
side of self-induction, capacity and polarization which, as produ¬ 
cers of quadrature e, m. f.’s, give rise to a true wattless resistance; 
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other phenomena exist which cause a phase displacement be¬ 
tween current and e. m. f., as mutual induction, live e. m. p.’s of 
synchronous motors, parallel running generators, or induction 
macliines. 

Thus in dealing with the general alternating circuit, the p. m. p. 
can be dissolved into two components, one in pliase with the cur¬ 
rent and representing consumption of energy, and one in quad¬ 
rature with the current, or wattless. 

The former is due to the ohmic resistance, liystei*esis, etc., as 
more fully discussed in my paper before tlie Electrical Congress, 
at Chicago, and may be represented by the term equivalent 
resistance,” while the latter is due to self-induction, capacity, 
etc. 

While the name “ equivalent resistance ” for the coefficient 

-- eitrreni- -appears to be quite apju-opnate, the 

. . , , „ ^ E. M. F. ill (juadratiire with I he current 

name '“inductance’ tor the term —. ... 

C* 111 11MI b 

is really not very appropriate, since this does not well apply to 
capacity, inductance, etc. 

As a more appropriate name, the term reactance has been pro¬ 
posed for wattless resistance, and tlie "^ reactance” called induc¬ 
tance” when positive, as when due to self induction, and *^^ 0011 - 
densence” when positive, as when due' to capacity or polariza¬ 
tion. 

Da. Furderiok linDELL:—1 would lieartily endorse the re¬ 
marks of Mr. Steinmetz, but would not give to ‘^inductance” 
quite such a general signification; that is, I would limit it simply 
to the term including self-induction, being equal to tlie coefficient 
of self-induction multiplied by 2 ;r X frequency. To the term 
including capacity as well as self-induction, the name “reactance” 
has been given and might be retained, although that is not the 
point in question. But when it comes to the' question of using 
“inductance” as the coefficient of self-induction, or as tlie pro¬ 
duct of this coefficient and the angular velocity, it seems to me 
that, for practical convenience and for making rnatliematical and 
other writing clear, we should choose the latter. 

Mr. a. E. Kenjselly :—Mr. President and gentlemen,—This 
matter is a vexed question, because there are two completely 
opposite views in the case. If the question were whether the 
word “ inductance ” should or should not be applied to a “ watt¬ 
less resistance,” that would he one thing; or whether it should 
or should not be applied to a coefficient of induction, that would 
be another thing. There might be two views to either of those 
• questions. But having the word “inductance” in use and in 
frequent application, the question is, should it be accepted as 
meaning a “ wattless resistance,” or as a “ coefficient of induc¬ 
tion ” ? Here is the great confusion, and if we look through 
the writings of this country and the writings of Europe, we 
irequently find these two different meanings employed for the 
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same word iiKluetauce ; wo it is very important that some conven¬ 
tion slioiild 1)0 made to decide which meaning to retain, and when 
we liave once selected that meaning we should adopt it there¬ 
after, no matter whatourowm particular views may be. Itliinkall 
of ns are ready to sacrifice our own personal views for the bene¬ 
fit’of electrical engineering, if Ave can only have a settlement of 
the matter once for all. We all lioped that the Chicago Electri¬ 
cal Congress would settle it; that they would place their dictum 
on this matter and say we want “ incluctanceto mean so and 
so. But the Chicago Congress unfortunately had many other 
things to attend to and they left the matter absolutely untouched. 
So in the hope that we might settle this question before the 
next Congress convenes and thus avoid further confusion, these 
letters were addressed, under tlie direction of the committee on 
Congress work, to the Institutions of Europe asking for their 
opinions. We 1 lave reeei ved four opinions from Europe, and two 
of those opinions are ill favor of using “inductance’- as the co¬ 
efficient of induction. The members of tlie French Institute, on 
the other hand, have shadowed tlieir belief tliat it should be used 
to mean a “ wattless resistance.’’ Our own committee was in 
favor of using it as tlie co(3fficient of induction. So we submit 
that the general opinion is in favor of using “inductance” as 
the coefficient of induction, and not as a resistance. One strong 
argument is that the man vvho introduced this term, Mr. Oliver 
Heaviside, introduced it as the coefficient of induction, and the 
bunleii of jiroof should lie on those who want to change the 
meaning that lie gave, to show why it should be changed. We 
submit, therefore, that the iNSTi ruTK should adopt the term as 
meaning, either a (*oefficient of self-induction or of mutual in¬ 
duction. 

The President: —What action will you take in this matter? 

Mr. James H amulet: —I move that the decision of tlie Insti¬ 
tute be as tlie committee has recommended. 

Mr. Steinmetz: —I fear tliat tlie adoption of such a definition 
of the term “inductance” will tend to increase the confusion 


by inducing writers to use the term without definition, while 
now, where the term “ inductance” is known to be ambiguous, it 
is usually defined when used, for instance, by the addition of 
“ohmic,” etc. 

How difficult it is to get universal adoption of such a name, 
especially by those who before used a different name, has been 
shown liy the fate of the term “ effective.” Several interna¬ 
tional congresses adopted the name “ effective value of the alter- ^ 
nating wave ” for the square root of the mean square, since this 
represents tlie effect on the power of the wave. Before the 
adoption of this term, S. P. Thompson had introduced for this 
quantity the term “ virtual,” and has never accepted the term 
“effective,” and the result is, great confusion, especially among 
those very people for whom S. P. Thompson’s book is written— 
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the students of electrical engineering. Exiropean bodies are in 
general not in sufficiently close touch with the practice to be 
able to say whether the one or the other deiinition is more con¬ 
venient, so that their opinions in this case are not as important as 
in strictly scientific matters; consequently I would ratlier like to 
see the question unsettled until a future time when practice will 
have decided which is the more convenient. 

I am inclined, however, to prefer the term reactance ” and 
to restrict the term inductance to the reactance of self and 
mutual induction. 

Mu. Kennelly :—r3oes Mr. Steimnetz mean that we should 
try to sustain the confusion that exists? Surely if confusion 
does exist, as he admits, should you not try to come to some con¬ 
vention that shall put an end to that confusion ? 

Mr. Steinmetz :—Have we the best ? 

Mr* KENNELnY: —We have adopted the best means that we 
knew of. 

The President :—Mr. Hamblet’s motion is before the house. 


Does any other gentleman wish to speak? It is moved and 
seconded that the Institute adopt the recommemlation of the 
Committee on Units nnd Standards as to the meaning that should 
be attached to the word ‘^inductance.” 

[The motion was carried.] 



use the term “inductance.” Inductance has been taken now 
for the coefficient of self-induction. Therefore I propose that 
the Institute adopt as the term for the ratio:' 
qnadmture comnonenl/ of k. m, i*’. , , 

-the name Reaetwrice^^ 


ciuTeiit; 


Mr. Kennelly :— I second the motion. 

The President: —It is moved and seconded, as you have 
heard. If tlie Chair may express an opinion, it would be that 
this is a very good settlement of the question. 

[The motion was carried.] 

The President :—There is another recommendation of the 
Committee on Units and Standards. 

The Sec^retary read the second recommendation of the Com¬ 
mittee favoring the legalization by the United States Congress- 
of the electrical units adopted by the Chicago Electrical Con¬ 
gress of 1893, and also the following extract from the report of 
the New York meeting. 


Prof. Orooicer : — I move that it is the sense of this meeting that the passage 
of the bill legalizing the electrical units adopted at the Chicago Electrical Con¬ 
gress of 1893, be recommended. 

Mr. George M. Pjieu*s :—Mr. Chairman, if you will permit me I will sug- 
gestaslight addition, to make the action possibly stronger, and that is, that 
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this meeting: I’eeomiueml to the general and animal meeting of the Institute 
to he held in May, a more formal endorsement and recommendation of the 
measure. I this because iuie or two speakers suggested that this meeting 
give its sense on this subject, ami that the general meeting in May might take 
.a more forinal action. 

Pkof. (htocKEu :—1 ae(‘ept the amendinont. 

The IhiKSiirKNT:-™(h'nt h*iuen, it is moved and seconded, as you luijve heard. 
Are you ready for the (piestion? 

[Tlie motion was put and carried,] 

Tins PitEsii>KNr W you take on tills recom- 

meiulation ( 

Mr Hkwitt: —Would it not be in order to speciiy in tne res¬ 
olution the uninner of jiresenting it to Congress? 

Tin: Pkksjdknt :--I think it would be well for the Institute 
first to determine if it wishes to adopt this resolution. The 
question is on the adoption of the resolution. Afterwards you 
can determine how it is best to carry it out. 

Mr. CARb IIkrino:—I move that the resolution be adopted. 

1 The motion was carried. | 

The President:— I thiid< it would be proper for the Institute 
to appoint a small committee to see tliat this matter be carried 

Uering:—I suggest that the Committee on Units and 

Standards constitute this body. 

Tuk President :— I t is moved by Mr. Heriug that this matter 

be referred to the Committee on Units and Standards. 

[Tlie motion was carried.] 

IhiK President: —There is another announcement I wish to 
make. Mr. Edwin d. Hall, of the American Telephone and 
TeleoTatdi Corn pan v, savs that the company desires to extend the 
use of the long distaiice‘lines to the members of the Institute 
while they are in this city The office of the company is at 114 
Soutli Fourth Street, i^hiladel|)hia. The secretary has some an- 

nouiicemeiits to make ^ r 

The Secretary :—-At the meeting of the Council iieJu this 

morning the following associate members were elected: 

Address. Endorsed by. 

B..;rki«..-ok.,, a rti.or W.. R A. pSllBedell 

ftuiwi St., Brooklyn, N. Y. Aug. Treadwell, Jr. 

Bmuk .iosKHH Student in Klectricnl Knginocririg, ,1’. B. Crocker, 

■ii"- (tolumbia College, Kesidenee, Gcoigo F. Sevp. 

41 West 53rd St., New York M. I. Pupin. 
City. 

CiiAi)Roint.vK. 1 !k.nry R,, jR. Ti-oy Martin. 

Citv Rv. Co., Troy, N. T:, R. BernaiO. 

J. .B. Cahoon. 

Ohas. I). Shain. 

fiuiTim W Sunt, of Line Construction, J. 0. C. G. Young. 

Ciin.t.s.hLMNi.R w. ^ Maryland J. f White. 

Ave.. Btiltiinore, Md. Win. 0. Burton. 
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Bore, Fra N FC M. 


Gladinci, Frais'k W. 


Ha rtwell, a rtfiu r, 


-O’ 

Haviland, Foster L. Wil,li Clnrli 


Hewitt, William R. 


Morse. Qeoroe 11. 


Clark, LeKov, Jb. J*i)st-GnuIiiji(i'8l u<ltMitiu .Klee(Ti(«il M. f. Piiiiiii 

RnsiiuM'i-hijr. Culuinbiii ('oII('!;i>. H a’ sIoi-i«' 
sno Wost yOMiSt.. New Y.e-k J^\ R ( Voelo'r' 
Doolittle. C'laberok K. Manusci- aiul lOleetrician, liom-iiiir F R R,..n 

Fork Eloetrie Lifrht „,n.l PoweT- A. If Cowled 
Co., Aspeti, Colo. Win. A. Aiil.liony' 

Eiijrjiieering D^'l. (lenorii! Klee- T. C. Marlin 
Iric Co, 42o Raker SI... San .Tos. Wetzler. 
kra.neiseo, C-al, Silei'ingin* 

laihigh University, 3005 East Edwin J. 1 ronstou.’ 
^ ork hi.., FliiIadcIpliijF, .Pa,. A. F. Konnelly. 

K. vvendlo* 

.Electrical Eii^n’iiccr, VWsstiaiifhousc Glias. A Torrv 
Electric and Ml^. (^./Pi|t,. Alhort:Wnnia: 
nnrg’. La.. 1'liarlc-s F. Seutt. 

piai-k Electric (kx, U)2 E. P. dark* 

Bi;oadvva,y ; Ki^jadciURs 1IU1 8t. Ralph W. Pope: 

iNieliolas .Vsxx, New \ork City. iC X. Bavli.s. 

S|)ecial Stridenl;, Elecl.rical Dept. M T Pimin* 

(.^>liiinbia Colle«:e ; DIO E. Oljth H. A* Ston-s* 

St., New Y(irk City. Jtesi- (.. KUtenhotise: 
donee, ban Francisco, Cal. 

lIoLBiiRTON, Georok C. Elcctri<;al En,crin(‘cr, G(nieral kllt'c- A L TLohiw 

trie Co., ir> First, St., San Fran- IT. F. Parsjndl 
t'lsco, Cal. Win. E. Coyer; 

Assistant rnslrn<d;or in Eloctri<*al (I. I). Shopardson 
.Enginoorin.it, IJnivorsity of Min- Morgan Pro.»ks’ 
ne.sota, Minnoa|H»li,s. Rosidoneo, Af, li Oerrv Jr* 
.Ex(jel.sioi*, Minn. ’ ' ’ 

Nicholson, VValti<;r W. Coiioral Supt. Central N. Ax Tele- F A Pickorm‘ll 

rdioiio aiid Tel.^gmidi dx, W IJ. N. Botlieli: 
*I*^'va.id Avo., Ctica, .N. \. iIa.ininond V. ]Ia,yo.s, 

I iHLBRicK, B. W. Electrician, in charge of Ekctrh'al TO Marl in 

' Rhino- Chas. D Shain; 

cliff, F. Saxolby. 

E. (}. IJernard. 

vVliito Bnildnig, Bidfalo, N. Y. .Edw. E. Higgins. 

Ilonry il. Wait, 

Lnstnietor popartnient of Physics, Edw. 1^ Nichols. 
Cornell University, 122 Univers- Marri.s J. Ryan, 

. ity Av(x, Ithniai., N. Y. 0. P. Matthew,s. 

Stine, 1 rof. W ilbur M. Director Eloidrical DcHit., Annour Edw. ('aldwell. 

Institute, (.diieago, Ill. Joseph Wetzler. 

lowER, George A. Electrical Engineer, The Sherwood M. B. Leonard. 

Land Co. and Tlui Jefferson Ho- C. E. McClner; 
tel ( 0 ., 100 S. First St., Ricli- George Hill 
mond, Va, 

WiiAiiTON, Hugh M. Elerirical Engineer, Westinghoiise A. B. Kenneliy 

Electric and Mfg Co., 20' Edwin J. Honstoix* 

1. lane St., Newark, N, J. L, A. Osborne. 

Winchester, SA.>n7EL B, Sunt, and Electrician, Holyoke C. P. Steinnictz 

Water Power Co , 0 Laurel St., W. L. R. Emmet. 

, J,. Holyoke, Mass, Theodore Stebbins. 

xotal 21. 

The following associate inernhers were transferred to full 
membership: 


Ricker, Charles W. 


SuARc, Clayton H. 
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LoRRAiN, jAMKs Grieve 
Wiener, Alfred E. 
Crmcjin, Uenrv a. 
Hasson W. I* - 
Ives Edward B. 

Total 5 ‘ 


Norfolk House, Norfolk St., London, W. C., Eng* 
land. 

Electrical and Mechanical Engineer, General Elec¬ 
tric Co., 24 Yates St , Schenectady, N. Y, 

Engineer, Westinghouse Electric and Mfg. Co., 15 
Charles St., Boston Mass. 

Consulting Engineer, 104 Sutter St., San Francisco, 
Cal. 

Lieutenant U. S. A., Electrical Engineer, nth and 
Colona Sts., IMiiladelphia, Pa. 


The Secretary also read invitations from the following: A. 
PalkhuHl, (lirard (hdh'ge. The Historical Society of Philadel- 

_ ’ . 1 It'll* . • \tr I /\ O /S * TTw. _ 


UJL TT .M m 

Schuylkill Navy^ 

and the Drexel Institute. 

The Piu^:sri)KNTL^- >G there is a matter which was 

laid on the table at mie of our ineetn\i(s which you may wish to 
briiii*: up. It is my <luty, as presiding officer, to call your atten¬ 
tion the fact—tile report of the Committee on Eevision of the 
Rules, do you wish to take it up now, or is there any other busi¬ 
ness tliat vou wouhl like to take uj)^ 

Mk. Hewitt:— Mr. Ib-esident, we have acommnmcation Irom 
a rneinher in Chicago in rcvlerenee to cex*tain matters which con¬ 
cern the iNSTriMJTE. It seems to me this would be a good time 
to consider it. Although it is stated that tliere is a inemorial 
wliich is to be i>resented later it may come at some time when 
we are busy witli something else and we should not be able to 
(nve it attcmtion. I move that thi.s matter be brought up now, 

^ (The motion was seconded and carried. ] 

Tlie Secretary read a letter from Mr. Caldwell, local honorary 
secretary, stating that a inemoxdal had been px'epared by a com¬ 
mittee app<>irited for tliat purpose, asking that the expenses of 
the meeting at Chicago, for i*eporting, postage etc., be paid troni 

the genm*ai funds of the Institute. 

Mr. (iKORaE M PnEM's:~In order to have some action to 

discuss 1 would move a resolution as follows ’ 

Resolmd: That the expenses of reporting the Chicago meet¬ 
ings up to a sum not exceeding $10 per meeting, be borne by 
the general fuiul of the Institute until further notice. _ 

I offer tliat iwdutioii because, like many other members, 1 
have been exceedingly impressed by the sxiccess of the recent 
meetings at Chicago and the merit of the discussions tha ave 
taken place there. It is practically out ^^.^diequesHon for mem¬ 
bers in tliat vicinity to attend a meeting in New York oftener 
than once a year or so, and they have, I think, amply .l"stffied 
their iiroposition to have local meetings and have done u 
work. It seems very proper tliat we should bear so very leason- 
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able a portion of tbe expense as suggested in the coiniminieation 
from Mr. Caldwell. 

Mb. IlEwirr:—I second that motion, Mr. President. 

The President: —Mr. Phelps’ motion has been seconded. 
Does any other gentleman wish to speak on tlie subject ? 

Mb. Phelps :—I think, Mr. Chairman, tliat it is a matter that 
had better be well discussed and I would like to hear expressions 
from other members. 

The President : —Tins is a matter, gentlemen, that you can¬ 
not be too careful about deciding properly. It is not the matter 
of an expense of |10 for a single meeting, but it is the very gi'ave 
matter of precedent. Tlie Institute should, I tliink, properly 
consider the future as well as the present, ami while J would be 
eijually desirous with any member of doing all in my jiower 
to obtain the freest discussion, yet I think we ought to consider 
carefully as to whether or not iii the establishment of siicli a pre¬ 
cedent we are not in danger of increasing the annual dues of 
membership. I tliink tliat should have a full discussion. 

Mr. Haivtolet: —Do I understand Mr. Plielps’ motion to limit 
the expenditure to the reporting of the discussions at the Chi¬ 
cago meetings 

Mr. Phelps:— The only request that we have liefore us is to 
■do e.xactly that thing. The letter is quite specilic and a resolu¬ 
tion or soine remarks at the end of the jirinted report of the Chi¬ 
cago meeting is to tlie same effect; that it was tlie sense of the 
meeting that the general fund of tlie Institute should meet the 
expense of reporting their meetings. There was in addition 
some little charge for stationery mentioned by Mr. Caldwell, but 
he states that it is their opinion that the estimate of $10 per 
meeting would more than cover tlie expense contemplated. The 
expenses contemplated, I believe, are merely a stenographic re¬ 
port and such stationery as is required by the local honorary sec¬ 
retary in conducting the correspondence. 

Mr. IlEwrn':—I think that with respect to a great many 
papers, the discussion is of as much value, if not more value, 
than the paper itself, and anything that this Institute does to 
bring forth increased, discussion, redounds to the interest of the 
Institute and to the benefit of the membei-s, and anything that 
we may do in order to aid this wider discussion is to our benefit. 

I do not sympathize with the President exactly in the fear of 
increased dues, because I believe that the encouragement of 
these meetings in Chicago and other such cities will so increase 
our membership as to offset the liglit extra expense. I well know 
the President’s fears from his expression of them elsewliere, but 
I must say that I cannot feel in sympathy with him on this ques¬ 
tion. 

Mr. Hammer:— I would like to ask for the reading of the re¬ 
solution in the letter again. 
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The Se(M*etarv read the part of the letter referred to. 

Mr. llAMMKii: -1 think it is very reasonable that tlie Chicago 
peo|>le should expixd to have a certain amount of the funds of 
tlie Lns'I’iti' ri*: placed at their disposal. 1 tliink it ought to be 
done only, ln»vv(‘ver, alter careful consideration of just how it 
sliouhl be dom‘. 1 think at the time this question of local ineet- 
inu’S was throhed out in the different Council meetings this very 
point came up atnong others, and it was suggested then that if 
local bodi(^s Wi‘iv oruani/.ed, and after their inendjersliip attained 
a certain number, the LNsTna rn would assume a certain por¬ 
tion of their expenses. It seems to mo that if this matter was 
refemal to a eommittce they could (‘oiisider it very carefully and 
recoinmeml some plan that would he fair to Chicago and to 
other cities that wouhl take the matter up hereafter. Supposing, 
for instanc‘e, it was d(‘ei(hMl that when Chicago gets fifty mem¬ 
bers, each <d’ whitdii memhers paving annual dues of $10, the 
amount wouhl rtqjreseid $*>00. Now the Institutk would re¬ 
ceive that ami in view of the fact that there are fifty mem- 

l)ers of the lNs*rrn:’rH residing in Chicago a certain percentage of 
the re(*eii)ts could go to that organizHtion, and for any expenses 
wliich they would incur over and al)ove that amount the local 
organization wouhl ha\’<‘ to responsible. I merely give this 
as a suggestion. It seiuns to me, as the President says, we ought 
to he (^arerul in deeiding this matter, because it is more readily 
corrected now than luTcid’ter. If the matter is referred to a 
committee, 1 think tliey could formulate some plan which would 
give satisfaction tot ducago and other cities which w’ould form 
local organizations hereafter. 1, thm*efore, make a motion that 
this matter he ndVrred to a (committee, say, of three appointed 
hv the f-diair. 

" Mu. PnKi.rs:.Mr. President, I tried to express the resolution 

with some particularity, so that it slioukl iKff be too broad, nor 
establish a too smdous precedent. The resolution, if it was taken 
down as 1 meant to express myself, was conffned strictly to the 
request in the hfttor of Mr. Caldwell, namely, to liave the ex¬ 
pense of re|>orting tiu* meetings and the stationery paid. Now 
that resolution, if passed, I think, would not necessarily commit 
the Institutk to incur the general expenses of local bodies or 
sections at any time. It meets this specilic request, on the 
ground, in my'mimi, that the work done has already been useful 
and is likelv' to l>e<^ome more important 5 that it lias led already 
to the aenjuisition of live members, there is $50; and the ex¬ 
penditure under the resolution I have offered is limited to $10 a 
meetiin** There are not likely to he more than a half dozen 
meetings in a year, and I think^'it would be well to determine the 
poiiff here ainl no\v, rather than put it in the hands of a com¬ 
mittee to rej)ort at some subse<juent period. If tlie coinnnttee 
proiHise to report at this meeting, I do not think the;j^ can do 
nmeh better than the meeting itself on that very distinct pro- 
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position, wliieli I do uot regard as a general perniissiou to all 
and sundry meetings to chaise the Institute with all and sundry 
expenses. 

The Seceetaey :—I -would like to make a few remarks for 
the information of the meeting regarding the expense. Tlie 
Armour Institute at Chicago has very kindly placed at our dis- 
jiosal a hall -wnth all necessary facilities, without charge. The 
notices for the meetings at Chicago have been included, as you 
are aware, in tlie regulai- postal notice Avhieh is sent out to all 
members which adds notliing whatever to the outlay. The 
cost would be the same eitlier with or without tlie 'Chicago 
ineetinj^s. This reduces the amount simply to the communica¬ 
tions of the local honorary secretary with the New York office, 
or such communications as he may make with the members there 
in arranging for meetings; so that there is really very little ad¬ 
ditional expense beyond the reporting of the discussion. We 
have had the discussion of two of their meetings, and tliat of 
the last meeting was printed in the May number, copies of which 
are here for distribution; that, of course, involved, in addition 
to the fee for reporting, the necessary proportion of the cost 
of printing the Teansacttons. But. as Mr. Hewitt has very pro¬ 
perly said, everything of the kind tliat is done adds to the value, 
of the Institute to the membership generally, and I liave it 
from the gentleman who read the last paper tliat he considered 
the disciussion at Chicago, so far as the question of practical ex¬ 
perience was concerned, as of more importance than the New 
York discussion; that is to say, the western men had done cer¬ 
tain -work in the line of the paper, and gave their experience. 
Now, if that discussion is of any value to anybody here, it has 
been brought out by this Chicago meeting. 1 presume that if 
that meeting had not been held, these facts would not have been 
brought out in the Teansaotions. It has been the policy of the 
management to make the Transactions as valuable to tl’ie mem¬ 
bers as possible, so that each one would feel that he was getting 
a full return for the money spent, and, personally, I have never 
considered the Institute a concern for accumulating a fund, and 
I do not believe that technical societies sliould be so considered, 
but rather that they should expend their money, as the rules 
say, in “the reading and discussion of professional papers, and 
“ the circulation, by means of publications among its members 
“ and associates of the information thus obtained.” 

That is the principal reason for the existence of such an insti¬ 
tution as this. 

There is just one other point I wish to bring up in connection 
with the work of the secretary and the work of these local meet¬ 
ings. Any one who has anything to do with running a local 
organization, such as has been suggested, knows that the collec- 
tion of dues is one of the most annoying things in connection 
with it. By the plan we are pursuing, or which is being dis- 
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cussed, the hK‘al seeretary is entirely relieved of that burden. 
ThenHnnl>erssiui]>ly carry on the meeting, and this is done for the 
beneiitoi tJio natioimi laxly as well as themselves, and they pay 
their dues in one lump. I’his removes the probability of any ir¬ 
ritation on tlu» part ot mend)ers in the vicinity who might 
say, by here we art‘ j>aying §13 a year for onr membership, 
and in the vieiidty oi New ^ ork they pay but $10 per year, and 
they grd just as nuieh hmietit as we do.**’ That is the way I 
have to l(H»k at this matter from the standpoint of members at 
various |H>ints, because 1 am in eonimunication with them. This 
matter has lH*en brought uj) by the Chicago members, who 
practically ask us ‘" Why should not the Institutis pay for steno- 
graphic ri'ports of our discussion of the papers, as well as the 
dis(nission of thest‘ pup(‘rs elsewhere 

Mk. PiiF.nes:^ I wisli to say a word more to backup my re¬ 
solution. A <*ommittee was appointed last autumn to consider 
this matter of lo<*al nuadings and si)ent quite a good deal of time 
and care in presmiting a plan. That plan was thought atthe 
time by sonu^ jieoph* })roposing local meetings, perhaps by some 
ill Chicago, to have lieen somewhat restrictive of the field of 
such local meetings, la'cause it rtMpiired that such local meetings 
should dismiss only such papers as were accepted by the Insti- 
TUTK to be rea<l at its meetings hm-e. Tlie plan lias been accepted 
atCJhicagoin perfec't go(»(l faith. The same papers have been 
read there, and, if |)o.ssil>h‘, siinultHneously, and have been dis¬ 
cussed in both places. In otiuu* words, tlie western members 
have been iloing i>ai’t of the monthly work of reading and dis- 
cuHsing papt*rs. They have <lone it in i/liicago while we were 
doing it in New ^h>rk. It seems to me they were doing pre¬ 
cisely the sauH* work that we are doing, and simply by their dis¬ 
tance tbi‘y are ileliurrml from doing it with us here. If they 
were running an entirely <listinct sort of meeting, having their 
own papers Which were not necessarily a part of the Tkansac- 
TioNS of the iNSTi'rirrK, the case would be quite different. 

Mk. ll AMiiUKT:—'riie matter of the accession of five members 
seems to me some sort of conijiensation to the Institute for the 
expense. It is said five memliers would bring in $50, but for 
the first year it is §75. The cost of each meeting in Chicago, 
merely limiting it to tin* stenographic report, would amount for 
the eight meetings to about §81). By allowing that expense to 
the (Chicago meeting, are we not liiuding them more closely to 
ns, and also getting the advantage of the educational value of 
their discusBions in the 'Tkansactionh, as well as the increase of 
membership ? It has been said that this is an entering wedgey 
and ratlier a dangerous plan for us to adopt, to expend money on 
these meetings. I acknowledge that there may be some doubt 
about the jiolicy of doing so. But it Beems to me at present, in 


the aspect of the work hat has so far been done in 
are warranted in allowing them some small expense. 


Chi 


icago, we 
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Mr. Steinmktz : — While it seems to me quite fair that some¬ 
thing should be done to help the Chicago local meetings, at the 
same time we should i^roceed very considerately in this matter. 

It is a happy fact, that the Chicago meetings begun under very 
favorable circumstances, and their expenses are very 1 om\ But 
with the same right that Chicago members request us to share 
the expenses, other local meetings can, and will do the same, and 
should be treated in the same way, and other local branches may 
have a good deal larger expenses. Therefore, we ought, at least, 
to specify what we intend to pay, and thus I make the amend¬ 
ment to the motion that the Institoi'e pay the cost of reporting, 
but nothing else; but not only of the Chicago meeting, but any 
other section which may be established. 1 think thatNvould re¬ 
strict the possibility of having too large expendituies at such 
meetings, mid at the same time I think it fair to pay the expenses 
for that in which we are mostly interested—improving the 
Transactions by improving tlie drscnseions. 

Mr. Kennelly: —I second the amendment. 

Mr. Hekino; —That puts no limit on the amount which can 
be expended, and I, for my part, think it would be much better 
to limit the amount to $10, as Mr. Phelps suggested. When the 
meetings become more and more important, and tlie reporting 
more expensive, there is nothing to prevent us from granting a 
greater amount. To promise to pay for the expense of reporting 
I think would be imprudent, because that is too indefinite a 
quantity; it would be much better to fix upon a certain sum. 

Prof. Anthony:— It seems to me wo had better confine our¬ 
selves here to this specific case that is brought before us, and 
when some other meeting wants its expenses paid, we can take 
that up as a separate case. I do not see the need of crossing that 
bridge until vve come to it. I do feel that in tlie case of the 
Chicago meeting the discussions have been very valuable. They 
will form a valuable feature of our TKAN.sA(rnoNw. The Chicago 
meetings have been of advantage to tlie Institute at large. They 
are not simply little*meetings, of advantage only to those attend¬ 
ing them, and, therefore, it'seems to me perfectly proper that we 
should bear that expense. The discussions are of just as much 
value to the Institute at large as those in New York. For this 
reason I am heartily in favor of paying for the reporting, and 
whatever expense there may be in connection with obtaining 
these discussions for our Transactions. But I am not in favor 
of passing any resolution that will bind us to do anything in 
particular in the future in reference to any other meeting or in 
reference to this one. We pay up to $10 now. By-and-by if we 
find that the reporting is going to cost more, we can change that 
resolution and pay inoi;© if we think it desirable. 

The President ;—The Chair will now put the vote on the 
amendment of Mr. Steinmetz to Mr. Phelps’ motion. 

If you will pardon me, the Chair would like to make a few 
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T!ie President does not M’isli to be misunderstood in 
ins position, as lie feai's, from some remarks made in the discus¬ 
sion, that he nuiN' be. The President is in hearty sympathy with 
any movement which will increase the value of the Institute. 
and the value of its Tk* a ns actions by offering free discussion to 
its members wherever they may meet. The Chair has expressed 
an opinion that it is the part of wisdom of this Institute to be 
careful lest in any ]i*gislat)on here it establishes what might prove 
to be a dangerous precedent. The Cliair particularly wishes its 
position to be understood. It inclines to the opinion that the 
broad cpiestion raised in the Chicago meeting is not met by Mr.. 
Phelps’ motion. As tlie Chair understands it, the particular 
question raised in the (lliicago meeting is this: That the'expenses 
incurred in connection with the local meetings shall be paid out 
of the general fuml, and the Chair has expressed its opinion 
that that is a dangenms precedent unless it is carefully considered. 

. I rejoice with any member in the growth of our Institute. I 
am not (jnite able t<i see tliat the five members who have joined 
the Ins'ittutk since the date of the Chicago meeting would not 
have joined had that meeting not taken place. That has by no 
means 1 icon proved. Your President certainly does not look on 
the i NsTrn TK as a ninncy getting organization. Certainly it is 
not desired that the funds of the Institutk shall be simply accu¬ 
mulated for the salv(5 of iieing accumulated. The President does 
not think the sueitdy is in any immediate danger of being ruined 
by too large sums for that or other purposes. But while I have 
the lionor of occuiiying your Cliair, I shall nevcu* hesitate, even 
though I may he Iii a hopeless minority of one, in expressing to 
yon dcei<ledrv what my views are on any subject that may im 
volve the goo<l name uiid success of the Institute. Therefore, 
before putting tliis ouestion, I would like to suggest to you that 
this is not ineeting tne issue raised in the Chicago meeting. 

Mu. Pnm.es:—Mr. Chairman, if you will pardon me, I wish 
to point otit that tlio purpose of my resolution was not to meet 
that liroad (lucstion, but to meet a much more specific and narrow 
one; to satisfy that particular demand or request, but not to go¬ 
to the length of accepting tlie proposition of the Chicap meet¬ 
ing that we were responsible for all their expenses. Mr. Stein- 
inetz’s inotimi would create a mucli broader action, and be 
in the direction of meeting that large issue. I was very glad 
that Professor Anthony expressed himself as he did in respect to 

those points, ,. _, x j. 

The PRKBinBNT :~The Chair has nothing to add, except that 

it simply desires to express the opinion that as this question has 
come up it is preferable tliat tlie Institute shall meet it. I will 
call for a vote on Mr. Steinmetz’s motion. 

[Mr. Steinmefz^s amendment was lost.] nr xn i r 

The Pkehident ^The vote will now be taken on Mr. Phelps 

resolution. 
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[Mr. Phelps' resolution was carried.] 

The President : — What otlier business ^^ull you present ? 

Mr. Hammer :—I would like to report on belialf of the com¬ 
mittee for examining the books of the Treasurer, that they have 
been audited and found correct. 

The President: —Mr. Secretary, will you please inquire of the 
tellers what probability there is tliat a report will be had from 
tliern shortly. 

The Secretary made the desired inquiry of tlie tellers and re¬ 
ported, as follows: 

Mr. President, the tellers inform me that they will probably 
not be able to make a report for an hour or more, and they wish 
me to bfijQg before the meeting for instructions this question: 
According to the rule which they refer me to, that is liule V.j 
paragraph 4, on this outer envelope the member shall add his 
signature and a postage stamp.” They liand me these envelopes, 
upon wliich the name is either typewritten or imprinted with a. 
rubber stamp; in one case embossed. It answers the purpose of 
showing wlio the envelope is from, but it is not a signature. 

The President,:—T ins is a matter for you to decide, gentle¬ 
men. 

Mr. Hammer : — I move that they be accepted upon tlie en¬ 
dorsement of the committee. 

[The motion was carried.] 

Mr. Phelps:— -Would it be in order to call up now the report 
of^ the Committee on Revising the Election Rules ? If any¬ 
thing is to be done, I think this would be a suitable opportunity. 

I move that it be taken up. 

[The motion was carried.] 

The President :—1 will ask the Secretarv to read this report 

The Secretary read the following report ^ 


REPOEa^ OF COMMITTKE ON REVISION 01^^ RULES. 

At a meeting of tlio Coinmittoo, (Inly lield, it was nnanimously resolved to 

advise*, that the rules relating to eh'cdJons bo immediately changed as set forth 
below. 

In pursuance of this resolution and of the provision in Section VITI., con¬ 
trolling the manner in which amendments may be nni.de, the prescribed written 
notictj is hereby given by the Ohfiirmari on behalf of t,he (Vnnmittee. 

At the tuixt or at some subsef{uent regular meeting of the Institute the fol¬ 
lowing separate amendments of the rules will he brought up: 

Resolved, that Section V. be amended as follows: 

1st change—After “a” in line 18, add the words “second list headed.’^ 

3(1 change—Line 18, after “choice” add “opposite the name of each 
nominee in each list shall bo printed a number indicating the number of 
nominations rcceivpd by him, and a suitable explanation of these numerals shall 
be placed on the sheet,” 

3d change Lines 33 to 30, shall bo changed tf> read “ sealed unmarked and 
unidentified * Inner en velope ’ of any suitable character, to he in its turn 
enclosed either in the ‘ Voting envelope’ (received from the Secretary) or in any 
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other envelope marked on its face ‘Non-official Voting Envelope-Enclosing* a 
ballot only.’ The outer envelope of either class must be identified by the 
signature of the member on its face, and must be sealed and mailed to the 
Secretary. 

Respectfully submitted, 

( F. Benedict Herzog, Chairman. 

Jan. 17, 1894. Signed, \ T. C. Martin. 

(F. R. Upton, Assenting. 


[For existing Rule, see Member’s pocket year-book, edition 181)21, p. 
also Transactions Vol. ix. p. 460.] 


Mk. Phelps :—I wish to offer a slight addition, or an amend¬ 
ment. so to speak, not changing anything in this rule as it would 
read amended by the committee, but as an amendment to the re¬ 
port of the committee, if yon please ; an addition at the end of 
the second paragraph, the last sentence of which is: “ This sheet, 
“ together with an envelope, on which shall be printed the ad- 
“ dress of the Secretary, and the words ‘ Voting envelope-en- 
“ closing a ballot only,’ shall, not later than the 15th of April, 
“ be mailed by the Secretary to every member in good standing.” 

I would add there “Provided that members elected after April 
“ 15th, and who shall have paid their dues shall be supplied with 
ballots on request at any time before the election.” I offer that 
for this reason. It appears that a considerable number of mem¬ 
bers now in good standing, elected at the Council meeting imme¬ 
diately following April 15th, who have paid their dues, find, 
under a recent interpretation of the rule, that they are debarred 
from voting, although they are members in good standing and 
have been so for some weeks. This would meet a case of that 
kind. I hardly think that this was intended to exclude members 
from voting, but was intended for convenience—that the Secre¬ 
tary should on that date mail these tentative bdlots to all the 
members then in good standing, but this would exclude any 


doubt on that subject. 

We Sboeetaet :-I would suggest to^ the gentleman propos. 
ing the amendment, that the Secretary should send these ballots 
to all members who pay their dues who are elected subsequent to 
April 15th, instead of sending them u^n request. That is to 
say, 1 think the members who were elected should ^ 
to these ballots whether they request ® ^ 

familiar with the modus opf 0^l> « 

The Peesideht Does Mr. Phelps accept thatclian^ ? 

Me Phelps :-Yes, sir. If you will permit me, I mil word 
that a little differently to meet * 1 ^® Secretary s sugg^tmn. 

The Seoebtaey :—There is nothing^ m t e g g . 
rule fixinff a limit to the time of receiving ballots. I had ballots 

handed Sf me Ss morning by fe tellers who asked 

should be counted. So far as I know, there is ^ a 

they are handed in before the teUers finish their work. 
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person should hand his vote to the tellers now, while the count is* 
proceeding; as the rule is construed, there would be no reason 
why they should not count it. 

The President: —Pending the preparation of Mr. Phelps’ 
resolution, in pursuance of the suggestion of the Secretary, the 
Ohair wishes to be advised by the Instititte what action shall be 
taken on tho^e ballots. Unless the iNSTiTinE determines to the 
contrary, the Chair will request the tellers to accept them as hona 
fide votes. Will you take some action on that matter ? 

It was voted that the ballots be accepted, and the tellers were 
instructed accordingly. 

The following amendment to be added to the second paragraph 
of the report of the Committee on Eevision of the Kules, intro- 
troduced by Mr. Plielps, was adopted : 

Provided that the Secretary shall also mail sucli ballots,. 
“ sheets and envelopes to members qualified after April 15tli 
“ before the annual meeting, and that any member not having 

ballots and envelopes shall be entitled to obtain them from the 

Secretary at any time before the calling to order of the annual 

meeting.” 

On motion of Mr. Carl Hering, it was also voted to amend 
the committee’s report by making the following change at the 
end of tlie fourth paragraph. I'he proposed rule which now 
reads “ and must be sealed and mailed to the Secretary,” shall 
be changed to read ‘‘be sealed, and must reach the Secretary 
prior to the hour of the actual opening of the annual meeting.” 

The annual meeting tlien adjourned, pending the preparation 
of the tellers’ report. 

The annual meeting reassembled, and was called to order by 
President Houston at 2.30 p.m. 

The P;re8ii:)ent: —Mr. Secretary, is the tcdlers’ report ready? 

Mr. Upton: —We have not made a full report. The canvass 
of tlie votes showed that the entire Council ticket was re-elected.. 
We will make a full report to the Secretary, giving the items 
showing the number of votes cast for tlie various persons. The 
majority is quite large and full for the entire Council ticket. 


Fhilaclclpliia, May 15, 1894. 

We liiid the result of the bfilloting as follows: 

For President, Edwin J. Houston. 236 

“ T. D, Lockwood. 48 

3’he balance of the Council norninocs were also elected, each having a majority 
of tlie 365 votes cast. 


(tKo, R. Mktoalfr. I 
Francis R. Upton, f 


The vote in detail is as follows: 
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l’’OIi PHESH>ENa\ 


E. ,1. H»msl«>u. 


Nikolu 'IVsui 

B. 

A. K. K**nnt‘lly 


I). (’ .jju^ksrJU 

Ijouis Bi'll.... 


II M • 4 


» 4 1 * 4 f 


O. P. stein. 

A. Ivnlirer, 

\Vni. Stjinley. 

K, H. Piem*... 5’ 

Elisha Umy. 

(.Wl neriii.i;. . ^ 

Klihu Thomsim. « 

.1 « A. ...»•« ■< ^ 

({. A. namilinn... .. • • 7 

P. Benjamin.,.. . ♦j 

Louis Duncan . . 

W. F. <k Hasson . <5 

E. L. Nichols. 

W. U Kohb... <j 

\V. K. (leyer. •> 

K. W. liico, ,Ir. •> 

flos. W^et/tiei'... 

'rovvnseiul Wolcott.... 

B. J. Arnt^hl. 4 

(\ F. Brush.. 4 

J. ,I (Jarty. 4 

K, fi, llonston. 4 

M. ]. Pupin. 4 

A. Sehmhl,.. 


.230 

("thUiS R- (’rO'^s .... ■ 

., ;> 

. 4 s 

Louis 1 )utican. 


. HI 

Ijouis Bell. 

. 2 

■ 1- ! 

Wm. Stanley. 

. 2 

i 

r. A. Edison . 

. 2 

. 11 

iX F. Brush. 

. 1 

S 1 

M. L Punin. 

.. 1 

• 9 I 

/IGE-P 

“Do 

ItESlDEN'rS. 

G L Clarke... ..., 

.. 3 

2 i “ 

C Fj Enie.rv. 

. 3 

2 10 

i h’l E ini'’’‘e*ins. 

*> 

. 2S 

1 11 . W. Leonard. 

. 3 

K'i 

j rn T\ TjOftlfWOod . . . 

. 3 

t » • » 

. lo 

1 'r. (k Martin. 


. ll 

i ]{.. W. Pope. 


. 13 

1 li. B Stillwell. 


. n 

i Brown Ayres,--- 

.. 2 

. 10 

i V. li. Pone. 

. 2 




2 

o 


. 4 

Edward Oahhvidl. o 


(r, 1). Shopardson. 

h, li. Summers. 

(■lias. Wirt. 

A. .1. Wurts.. .. 

A. Oompton. . I 

A. (L Bcdl . 1 

I. S. Brown. 1 

(!. F. (^handler. 1 

S i). Field.... 1 

V. .1. Field. 1 

M. A. Foster. 1 

S. I). Greene. ] 

II, V. Hayes. 1 

.1, W. Howell. 1 

W. Maver, .Ir. J 

(5. (/. Maynard . 1 

F. A. Pickernell. 4 

(X F. Scott. 1 

O. B. Shallonbergcr. 1 

(I. H. Stoekbridge. 1 

E. P. Thompson.. 4 


FOR MANAGERS. 


A. E. Ke.nnelly. 

W. I>. Weaver...... • .‘^7J) 

0. S. Bnullev. .'-394 

W. B. Vansize. . 

K.W. Perry. 

11. J. Ryan. 4o 

G. A Hainiltmi.. * 14 

W. F. 0. Hasson. 14 

Brown Ayres.4"^ 

Nikola Tesla. 

0. O. Alailloux.40 

11. F. Parshall.19 

Alfred S, Brown.. • • • 

Samuel Sheldon .. • ^ 

G. P. Steinmetz...* • • 5 

C/. ('./. Haskins 




Garl Hering. J 

J as. 1. Ayer ... > 

R. O. Heinrich. b 

.fos. Wctzler.. b 

.V. G. Grehore.. o 

1. 11. Farriham. 

R. H. Pierce.. ^ 

W. A. Anthony...... 4 

R. N. Ibiylis. 4 

jh*ed’k Bedell. ^ 

Morgan Brooks. ^ 

Louis Duncan. ^ 

W. J. Hammer.. ^ 

E. K. Higgins. ^ 

A. R. Lovejoy.. 

T. 0. Martin.. 


4 

4 
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FO.K. MANAGERS.—Oouti u uihL 

Rpid. 4 . R* H. Ovvhms . o 

F. A. Schefflur. 4 

F. A- 0. Porrine. 

F. J. SpTiiffue. 4 

B, Thomas. d 

Wm. Stanley.. 4 

J. J. Carty. ^ 

E. P. Thompson. 2 

S. S. Wheeler. . 2 

P. B. Crocker. :J 

J. G. White_ . 2 

R. Eickemoyer. 3 

F. B. Badt. i 

H. A. Poster. !1 

0. H. Davis. 1 

0. E. Emery . 

0. D. Haskins. 3 

A. do Khotinsky. . 1 

S. D. Groone. 1 

F. B. Herzog.. 

0. T. Hutchinson. 'S 

F. W. Jones. .‘1 

E. Merritt. iJ 

E. L. Nicliols. 

11. Y. Hayes.i 

F. V. Ilenshaw. 1 

A. S. Hibbard. ] 

W. lloehhanson. 1 

E. fl. Houston. 1 

F. A. Piokernell. o 

E. W, Rice, Jr. 

J. W. Howell. 1 

D. C. daekson.... . . 1 

0. I). Sliain. 

F. P. Little.. . T 

0. B. Shallenberg(3r. ;> 

0. Thomson. 

L. B. Marks. 1 

W. Mfiv'er. Jr.. 1 

B. J. Arnold. 2 

Brown Aynis. 2 

G. M. Phelps. 1 

E. P. Roberts.... 1 

J. B. Cahoon. 2 

A. L. Rohri-r._ t 

C. R. Cross... 2 

C. Ciittriss. 2 

b. B. Stillwell.. 1 

G. 11. Stoclvbrid^D‘ 1 

'i:. A. Edison. 2 

0. J. Field. a 

F. R. Upton.... 1 

E. G. W^il 1 v'oiiiD>* 1 

Elisha Gray. 2 

T. 1). Lockwood. 2 

A. J. Wnrts... I 


Foil TIIEASO IIFII. 

Goo, M. Plielpj^. Jj 02 | (lOo. A. llainil(.ou. 47 

Tjik Pkesidunt Tlie hrisiriess of tlie fuljoiirned nieotiiig 
being now completed we will proceed to the regular business of 
the general meeting—tlie reading of pa|)ers. 

Gentletnen, I notice the President’s name is down on the pro¬ 
gramme for the lii-st paper. Uefore beginning I desire to assure 
you that I appreciate the very high Ininor you have conferred 
upon me in again electing me to tile Presidency of the Institu'I’k. 
I beg to assure you that it will be my earnest endeavor faithfully 
to discharge the duties thus imposed upon me. 1 will give you, 
in the way of a brief inaugural address, the Progress of our In¬ 
stitute During its First Decade. 

[The President then read his address, as follows:] 

























































A REVIEW OK THE FROORESS OF THE AMERICAN 
INyTITUTE OK EJ.ECTRICAL ENGINEERS. 


Imaiujukax. Address. 


DY ICDWIN .1. HOUSTON, PH.D., PJEESIDEINT. 


The Amekican Lnstituth of Eijccxeical Engineers is in no 
sense a local organization. It has in view the interests of no 
particular section of country, but, on the contrary, is a national 
body. It rojirescnts the electrical profession in all parts of our 
great land, and welcomes into its membership bright and pro- 
rfressive men in the electrical profession wherever they may be 

located. 

But while the Institute is in no sense a local body, so that no 
city can proiierly claim as a right the high privilege of haying 
tlie annual meeting held in it, yet there is, perha^, at this time, 
a special fitness that the annual meeting, which witnesses the clos¬ 
ing of the iirst decade of our association, should be held m the 
City of Brotherly Ia)vc, where the Institute had its Wrth. 

The International Electrical Exhibition, held in 1884, in Plul^ 
delphia, under the auspices of the Franklin Institute of ^e bta e 
of Pennsylvania, was called together at an exceedingly “vorable 
moment. Eight years had elapsed since the Centennial Exhibi¬ 
tion of 1871), in Philadelphia, had sown broadcast the germs o 
public interest in electricity, and thus laid the foun ation or 
belief in the bright promises of the electric future. T ese 
germs, carried to all parts of the land, were eginning^ o e r 
fruit, and a body of earnest and intelligent workers had yrung 
up on all sides, so tliat our comparatively limited knowledge of 
electrical science was markedly increased, although in an ex- 
treinely irregular and nnsystein.atic mannei. 
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Between 1876 and ISSi, nearly a decade, the work done in the 
electrical field was necessarily of a pioneer and independent 
character. The great principles of the science, already discov¬ 
ered and announced, were but vaguely understood, and needed 
the practical man to carry them into actual commercial use. To 
a great extent, each investigator trod the path of discovery alone, 
gropingly penetrating into the regions of the unknown, unac¬ 
companied by his fellow investigator, and often, indeed, uncon¬ 
scious of his existence. Had this early work been properly 
organized, much of the labor expended in going over ground 
already trodden might have been saved, but it is by no means 
clear that this labor was in vain for the weal of the electric 
future; for, truths thus repeatedly wrested from nature and 
established again and again by independent investigators, cannot 
be too highly prized. 

In our nineteenth century activity, events move rapidly. In 
less than a decade from the time of the Centennial Exhibition of 
1876, namely, in 1884, the time liad come wlien the advantages 
of congregation as opposed to segi’egation were to be demon¬ 
strated; when the lonely investigator was to be brought into con¬ 
tact with his brother toiler and tauglit tlie advantaices of oreranized 
work and a free exchange of ideas. 

Happily, the International Electrical Exliibition in Philadel¬ 
phia of 1884, already alluded to, brought together the workers in 
electricity both in this country, and, to a certain extent, in other 
parts of the world, not only during the Exhibition itself, but 
especially during the completion of the buildings and the arrange¬ 
ment of the exhibits. The varied exhibits thus brought together 
from all sides were a revelation to these hitherto independent 
workers, and showed them, from what had already been accom¬ 
plished by electrical science, what might reasonably be expected 
in the near future. The stimulus, so excited, culminated in the 
organization of the distinguished body I have now the lionor of 


addressing. 

At the same time, the IJ. S. Government appointed a United 
States Electrical Commission autliorizing it to eondnet a National 
Conference of Electricians in [Philadelphia during the progress 
of the International Electrical Exhibition. Fortunately for the 
cause of electrical science, the Commission after duo deliberation 
determined to appoint as members of this Conference not only 
those investigators iu tJm physic^^l laboratory and lecture room, 



1894.] 


PBOQEESS OF TBE INSTITUTE. 




the college and university professors, whose labors have always 
proved of such great value to the world’s weal, but also those 
equally important investigators, the inventor and actual worker 
in the commercial electrical field, whose knowledge of principles 
is based on actual experience; a class that proves the correctness 
of its ideas by subjecting them to the test of actual trial on a 
commercial scale. 

There was thus convened in 1884, in the city of Philadelphia, 
a notable gathering of men who had long toiled in the electric 
field, both in the so-called pure sciences and in the applied 
sciences, and I feel sure that each class recognized the fact that 
it learned much from the other. 

In this notable assembly of electrical students, our Amebican 
Institute of Ei.eoteicaj. Enuineees originated. «I may be 
pardoned if I briefly review the facts attending its inauguration. 

The first step was the circulation in April, 1884, by Mr. H. S. 
Keith, of a paper asking for signatures for the purpose of 
organizing a National Electrical Society, for affiliation with 
sister societies; for the possession of a library, the institution 
of original research; protection from unfavorable legislation; 
the settlement of disputed electrical questions, and the exchange 
' of volumes of its Transactions with foreign and other electrical 
.scientific societies. A preliminary meeting was called on April 
1,5th, 1884 in the city of New York, at which a series of resolu¬ 
tions were passed, and a Committee of Organization appointed to 
call a meeting, which was subsequently held on May 13th, 1884, 
when rules of order were adopted and officers elected. The first 
regular meeting of the Institute was held in Philadelphia, 
October 7th and 8th, 1884, in one of the Exhibition Buildings in 
West Philadelphia. 

From this small beginning our Institute lias assumed its pres¬ 
ent proportions. Its growth was, at first, uncertain, but its 
vitality was undoubted, and its present rate of increase is fully 
equal to that of our English cousin, viz., the Institution of Elec¬ 
trical Engineers. I append a curve showing the membership of 
both bodies at different dates, and although the British Institu¬ 
tion had the start, and has the advantage of us in membership, 
yet I look forward in the near future to a membership in our 
body that will be fully on a par with theirs. 

I think it would be difficult properly to estimate the good that 
has accrued to electric science, not only in this country but also 
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in the world at large, from a properly organized association of 
specialists in a practical branch of science like that of electricity. 



British Institution of Electrical Engineers, and 
American Institute of Electrical Engineers. 


If we can properly trace, from the circumstances attending a 
single electrical exhibition and series of conferences held in 
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Philadelphia in 1884, a great awakening in the held of electric¬ 
ity, what must have been the influence for good, exerted by a 
body like ours, which I think I am correct in saying includes all 
the distinguished practical electricians in this country. 

In order to inquire what has been the nature of this influence, 
let us briefly examine the history of the American Institute 
OF Electrical Engineers during the ten years that have elapsed 
since its foundation, and see whether, in the first decade of its 
existence, it has duly availed itself of its great opportunities. 
Let us inquire what great inventions and investigations have 
been made by its members. I think that as a result of these 
inquiries, yon will agree with me that our Institute has nobly 
fultilled tile expectations reposed in it, and that electricity is 
much further advanced than it would have been had the 
American Institute of Electrical Engineers never been 

organized. 

A glance at the Transactions of the Institute will show the 
extended and valuable cliaracter of the work of its members. 
This work embraces notable inventions, extended commercial 
applications, and valuable researches; as, for example, researches 
in high frecpiency disci larges; the development of alternating 
current apparatus for electric welding, and for the transmission of 
power; improvements in continuous current apparatus; improve¬ 
ments in the practical applications and control of electric motors 
for traction, mining, manufacturing and other purposes; iin- 
proveinents in telephony and telegraphy; improvements in 
the application of electricity to various chemical processes; 
improvements in designs for electric machinery; improvements 
in electric lighting apparatus of various descriptions, and develop¬ 
ments in electro-therapy. 

The work of the Institute as a body has also been of a broad 
and valuable character. I have already pointed out to you, in 
my inaugural address of last year, the valuable contribution the 
Institute made to the Chicago Congress and Exhibition of 1893. 
Since that time, as you are aware, organized work, under the 
auspices of the Institute, has been and is being carried out in 
different parts of the country, as well as in England, for the 
completion of some of the work the Chicago Congress was 
obliged to leave incompleted; viz., the determination of suitable 

standards of light and of illumination. 

Another action of which I think the Institute may be proud, 
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has been its provisional adoption of the well known names of 
gilbert, oersted, gauss and weber, for the most important quan¬ 
tities in the magnetic circuit, thus tilling a well defined void in 
tlie practical development of the djuamo, motor, and mao-nets 
generally. These names have already been favoi-ably connnented 

on in Europe, where they have been embodied in' at least one 
standard text-book. 

Up to this date there has been much uncertainity as to the 
meaning w'hich should properly be atfeiched to the very import¬ 
ant tei-m “inductance.” It was lioped that the Ohicago Con¬ 
gress would decide this question, but, as this hope was not 
realized, the Institute, by appealing to tlie prominent affiliated 
institutions in Europe, has been enabled to ascertain the consen- 
sns of opinion upon this matter among electri(!al engineers all 
ovei the world, and has to-day adopted the meaning of “ induc¬ 
tance” as a “Coefficient of Induction,” this beijig the world’s 
majority verdict, so far as has been po.s.sible to obtiiin it without 
the aid of an International Congress. It lias also adopted the 
word “reactance” for that quantity in alternating current cir¬ 
cuits, whose square added to the s<|uare of the resistance is the 
square of the iixi])edaiice. 

It would be ungenerous in me iu thu8 reviewing the causes 
which have led to the development of electrical scieiKHj in this 
country, to fail to mention another potent factoJ i^eferto tlie 
electrical press. I recognize its power and the good it lias m- 
coiriplished in spreading broadcast over the country, not only to 
the members of the Institute, Imt to all interested in electrical 
progress, the knowledge of every great advance made in electric 
science. In a certain sense, however, tlie electrical press sup¬ 
plements the influence of the Institute, because the press, un¬ 
like the Institute, cannot bring electrical workers together,’ but 
can only guide and disseminate the conclusions they have 

The growth of the electrical press has kept pace with the 
growth of electrical science. In 187fi the power of the press 
was comparatively feeble. The Exhibition of 1884 caused, per¬ 
haps, as great an increase in the power and influence of the press 
as It did in the development of the science of electricity itself’ 
and, great as lias been the marked improvement in electrical 
science, as demonstrated by the Chicago Exhibition of 1898, I 
think close observers will agree with me that such progress has 
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been fully equalled by the wonderful improvement in the elec¬ 
trical press of our country. 

There is another association of electrical engineers of the 
same high standing, and governed practically by the same prin¬ 
ciples as those of the Ameeican Institute oe Electrical En¬ 
gineers, and this is our affiliated association, the Institution of 
Electrical Engineers, with its lieadquarters in London, England. 
Like our association its membership contains the leading electri¬ 
cal engineers and experts both in tlie country in which it is 
located, and in the surrounding countries. 

France has established a somewhat similar body in her Soci4te 
Internationale des Eleetriciens, located in Paris. This society 
lias the same general characteristics as the American and English 
societies, and, like them, publishes regular transactions of its 
proceedings. In Germany, there is the Elektrotechnischer 
Verein and the Physikaliscli-Technische Reichsanstalt. 

Although there are electrical societies in other parts of the 
world, notably in Italy, and Belgium and Australia, yet in none 
of these countries is to be found that organized effort and con¬ 
centration in one central body of the electricians from all parts 
of the country, as is so markedly seen in tlie United States, 
England, France and Germany. 

It is, I tliink, a significant fact, that the countries in whicli 
there lias been so marked a progress in electrical invention and 
engineering, are those whicli possess the advantages of this com¬ 
bined effort on tlie part of all its electricians. The reason is, I 
tliink, evident; under these circumstances, there exists the 
enthusiasm which comes from properly organized effort; 
the rapid progress which is encouraged by friendly rivalry and 
the incentive to increased and continued effort, bred of healthy 
competition. I think I can safely assert that America,. England, 
France and Germany owe much of their marked advance in 
electrical science to the existence of their organized bodies of 
electricians, such as is found in the American Institute of 
Electrical Engineers, the Institution of Electrical Engineers, 
the Societe Internationale des Eleetriciens, and .the Elektro- 
technischer Verein, and I feel sure from the great number 
of able electricians of Italy, Switzerland, Belgium, Kussia, India 
and other parts of the world, that the progress made in these 
countries, a progress which is confessedly great, would be still 
greater if they but tried the advantages of electrical work con¬ 
ducted on the co-operative plan. 
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It may be advantageous here to review some of tlie advantages 
of memberelup in such learned associations, as, for exmnple, Sie 
Institote in wliicli we are the most interested. Among’ the 
many advantages ai-e tlie following: concentration of effort; in- 
ci eased mentality excited by generous rivalry; systematic explom- 
tions into the domains of tlie unknown ; a tacit agreement as to 
what shall be regarded as the standard of good work; tlie pi*acti- 
cal establishment of a higli court of last resort by whom all dis¬ 
puted technical questions in electrical engineering sliall be 
liiially settled; the removal of electric work from the region of 
guesswork to that of certainty, permitting results to be as surely 
predicted as in other sciences, and, consequently, an increased 
stimulus to the successful investment of capital in electrical en¬ 
terprises ; the reduction of misdirected effort by the promulga¬ 
tion of information concerning what has been attempted *or 
achieved in any ilirection; and last, but not least, tlie means of 
establishing a rapid intercomniunication of ideas between differ- 
6ut parts of tliti country to otliers. 

As to tlie privileges of memberslii]) in our association, a mem¬ 
ber in any part of tlie country, whether in Maine, Florida, Illi¬ 
nois, or elsewhere, can, after submitting a paper to a conmiittee 
appointed by the Institute for that purpose, have it read simul¬ 
taneously at the New York and Cliicago meetings, and thus not 
only derive the advantages which come from the broad dissemi¬ 
nation of his ideas over the country, but can also liave tliose de¬ 
rived from criticism by those best adapted to judge and discuss 
them. Instead of being obliged to wait and wonder if his re¬ 
sults are valualile or correct, or instead of being forced to en¬ 
deavor to solve such questions for him.self, he is^iow, bv means 
of the powerful macliinery of our association, enabled 'to hear 

m a very short time the opinion of those best suited to sit in 
judgment on his work. 

We are naturally and properly proud of the progress shown 
by our Institute in the first decade of its existence. " I ask you 
now in all seriousness, how has tins progress been assured ? 
Uearly by the establishment of a central, organized liody, as 
distinguished from separate, independent, and possibly antago¬ 
nistic bodies; by the establishment of a central body whieli 
derives its authority from a raernberehip extending over the 
entire country. Is it credible tliat independent, disconnected, 
and possibly antagonistic societies, located in as many separate 
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cities as there are groups of members sufficient to form separate 
societies, can hope to accomplish as much good in so short a time 
as has been accomplished ? Would not the disintegration of our 
Institute ])rove to the electrical engineers of this country little 
short of a calamity Might not the establishment of separate 
organizations result in mutual jealousies and intense sectional 
feeling, and, consequently, in a tendency to the continuance 
of erroi*s once contracted ? Partisanship and intelligent scien¬ 
tific work, in the nature of things, have nothing in common. 
The true scientific instinct is shown in the desire to know the 
truth foi‘ the truth’s sake, and the true electrical engineering in¬ 
stinct is to accomplish the best work in the most economical 
manner possible. I feel sure you will agree with me that to 
ensure tlie greatest success, tliere must of necessity be a central 
governing body, viz., the Council of the Institute, deriving its 
authority from a membersliip extending all over the country, and 
vested with tlie power of speaking authoritatively for the 
Institute between the periods of its recognized official meetings. 

In a country like ours, in which distances are so great^ a diffi¬ 
culty exists in all our members attending tlie meetings of a cen¬ 
tral body, no matter where such meetings might be called. This 
difficulty is real, and like all geographical difficulties, cannot 
readily be solved. I think our association has, however, to a 
great extent, partly solved it by encouraging simultaneous meet¬ 
ings in all parts of the country where the same paper can be 
read and discussions had thereon, yet at tlie same time, holding 
the governing body, the Board of Managers or the Council of 
the Institute, responsible for the proper direction of its work. 
That all local meetings must be amenable to the organic law of 
the Institute, be that law what you may choose to make it, I 
think needs no discussion. I am glad to say that already, under 
due authority of the Institute, local meetings have been estab¬ 
lished in the city of Chicago, and t trust there may soon be 
other similar meetings held in all other great centers of 
population where our membership will warrant it. 

Such, I think, are some of the advantages of organization 
under a central body as opposed to organization under separate, 
independent bodies. They are, briefly, the advantages of concen¬ 
tration as opposed to those of diffusion; of directed, organized 
effort as opposed to unorganized, undirected effort. To argue 
in favor of the latter would be, I think, to deny the advantages 
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of a central government, like onr national government at Wash- 
ington, with its representation from all the various States 
of the Union, and to revert to tlie condition of states sovereign¬ 
ity, an un-American and altogetlier untenable position. 

As I look over this as8eml)ly of distinguished electricians, I 
am particularly impressed with this thought; viz., our averaU 
member though old in actual experience, is, nevertheless, seldom 
hoary in years. There must be something in electricity, though 
what it is I would not venture to say, which attracts tlie younger 
and more vigorous members of our race to its study. Perchance 
it may lie that in this mysterious force, there exists some linger¬ 
ing traces of the long sought for “ fountain of youth but” be 
it what it may, I find in tlie fact that such comparatively younv 
men have been able to do so much for the world’s weal in a 
special science, a bright promise of what they may be able to 
accomplish before their tasks are completed. 

Sucli is the record of the past ten years of our Institutk ! 
What will be the history of its next ten years ? J look forward 
confidently to a still greater and more marked jirogress than that 
which has characterized it during the first decade of its exist¬ 
ence. I believe that during the next decade its standing will be 
sucli that all notable achievements and discoveries in the elec¬ 
trical field in this country will either originate in this body or 
be carried out under its direction, and tliat the Amkkioan Insti- 
uiTh OK EmsoTKicAii Enginkkbs will be the acknowledged center 
of the industry and art it now so ably represents. 

But while I believe I see so bright a future for our Amkrioan 

iNSTiTura OF EnKCTurcAL ENGiNKBits, 1 must not be unmindful 

of the fact I have so earnestly endeavored to point out, viz., the 

advantages to be derived from co-operation, and that our Insti- 

TUTK is only one of several such organizations in different parts 

of the world, and that the highest purposes of the science and 

art m which our interests are so closely centred, can only be best 

realized by the most cordial sympathy and hearty co-operation 

with all associated societies and tlieir members wherever they 
may be. ^ 


Subdivision and 

Ihstnbution of Artificial Sources of Light,” will be read 
by FroiesHor Antliony. 



A ^aper presented at the eleventh General Mcet- 
ing of the A vterican Institute of Electrical 
Engineers^ Philadelphia^ May lyth^ t8g4. Presi~ 
deni Houston in the Chair. 


ON THE SUBDIVISION AND DISTEIBUTION OF 
AETIFICTAL SOUECES OF ILLUMINATION. 


BY PROF. WILLIAM A. ANTHONY. 


It is a well recognized principle tliat to illuminate evenly a 
given area by means of an artificial source, it is necessary that this 
source should consist of numerous small sources distributed over 
the area. In carrying out this principle it is usual to divide the 
area to be lighted into squares, and place a lamp in the center of 
each square as shown in Fig. 1 where each lamp is represented by 
tlie sign X. In order to study the distribution of light by this 
arrangement, of lamps I have computed the illumination at the 
central point of the figure due to the lamps situated upon the 
boundaries of each of the squares represented by the dotted 
lines, the illumination produced by the lamps on the smallest 
square be taken as unity. The following table gives the values 
up to the twelfth square, twice tlie number represented in Fig. 1, 
and corresponding, therefore, to an installation in which four 
times as many lamps are used. 


1 . 

II. 

HI. 

IV. 

v. 

X 

1,000 

1.000 

4 

4 

2 

•5” 

x*Si> 

12 

16 

3 

. 31 * 

1.823 

20 


4 

.223 

2.046 

28 

64 

5 

•174 

2.220 

36 

xoo 

6 

.143 

2.363 

44 

144 

7 

.121 

2.484 

52 

196 

• 8 

.104 

2.588 

60 

256 

9 

.093 

2.68o 

68 

324 

io 

.083 

2.763 

76 

400 

XI 

•075 

2.838 

84 

484 

12 

.067 

2.905 

92 

576 


Column I gives the designating number of each square count¬ 
ing outward from the central point. Column ii gives the illu- 

385 
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mination at the center due to the lamps located on each bound¬ 
ary. Column III gives the total illumination at the center due 
to the lamps included within and upon each boundary. Column 
IV gives the number of lamps situated upon each boundary. 
Column V gives the total number of lamps. 

It is seen from the table that the twelfth series which consists 
of 92 lamps ^ves at the center less tlian 7 per cent, as much 
light as the first series of tour lamps, and contributes only about 
two and one-half per cent, to tlie total illumination at the center. 
This arrangement of the lamjis does not give an even distribution 
of light oiiei the entire area, as will be evident from a considera- 



Fig. 1. 

tion of the illumination upon the outside boundaries of the space. 
It IS evident that the point n at the corner of Fig. 1 receives one- 
fourth as much liglit as it would do if it were tlie center of an 
area four times as larp, and lighted by four times as many or 
o7 l^hts. But the illumination at the center of such an area as 
seen by the table is 2.905. The illumination at n is, therefore 

illumination at a from the si.xth line 
of the table is 2.363. The illumination at b is then less than, one- 
third that at a. At 0 the illumination is evidently but little 
more than half that at a. Points located between the center and 
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outside would be illuminated to an intermediate degree, but after 
leaving the outer boundary tlie illumination would rapidly ap- 
proacli tliat at tlie center of the figure. I am considering always 
points of least illumination in any region, that is, points situated 
as far as possible from any lamp. It is evident, tlxerefore, that 
to olxtain a uniform distribution of light, the lamps must be con¬ 
centrated toward the outer boundary of the space instead of be¬ 
ing placed at equal distances throughout, as in the figure. 

But tlie most interesting question connected with this matter 
is: what is tlie effect upon the uniformity of the illumination of 
grouping the lamps in clusters or using larger lamps at fewer 
points? It is evident that whatever the candle power of the 
lamps or their distances apart in a distribution like that repre¬ 
sented in Fig. 1, tlie relations represented in the table will 
remain unchanged. It is evident also that the illumination at 
the central |)oint will be proportional to the intensity of the in¬ 
dividual sources (if lamps ax'e placed in clusters.each cluster is to 
be considered as a source) and inversely to the square of the 
distance between the sources. ' 

This illumination is, tlierefore, given by the formula 

dr 

where K is a constant depending on the units employed, s the in" 
tensity of the individual sources, d the common distance between 
them, and G tlie quantity in column in of the table correspond¬ 
ing to the number of sources as found in column v. 

Compare the illumination at the center of an area lighted by 
57d lamps with that at the center of the same area lighted by the 
same lamps arranged in 144 clusters of four lamps each*. If s and 
d represent the intensity and distance in the first case, 4^ and 2^ 
will represent the corresponding quantities in the second case. 
G in the first case is 2.905 corresponding to 576 sources. In the 
second case, for 144 sources G is 2.368. The relation sought is, 
therefore, 

E kL. 3.363 

A. fj'i 

—— - = .813 

K~ 2.905 
a"* 

The %ht at the central point with the fewer sources, is only 
81 per cent, that obtained under the first arrangement. Other 
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points of minimum illumination will suifer in like manner. On 
the other hand, points near the clusters of lamps will be much 
more strongly illuminated than corresponding points near the 
single lamps of the lii-st arrangement. 


If it he required that the illumination at no point shall be less 
in the second case than in the hrst, it will be necessai'y to increase 
the intensity of the sources nearly 35 per cent., oi- make the 
clusters consist of hve instead of four lamps. 

-^gam, suppose an area lighted by Ol sixteen o. i*. lamps distil- 
buted as in Fig. 2. It is recpiired to substitute K! lamps of larger 
caudle power distributed as in Fig. H, and fnlhlling the conditiem 



that the minimum illumination .shall be no less in the h 
If (» ho the candle power of tlie larger lamps, we liave: 

\ ^ 1 ^ 1 ........ 


■.ter case. 


4 rP 


X 1.511 


X ii.oiC 


<14 X 


2.<>4fl 


8(i.T 


From which it appears tliat the total caiidio power iiuif^t bo 
increased ])cr cent. If the lb candle power lamps conHumed 
3.5 watts per candle, the larger lamps to compete with them 
should consume less than 2.f> watts per candle. 

It will be noted from tlie two examples given, that the loss 
from reducing the number of sources in a given ratio is less 
when the number is large. In otlior words, large lamps, or clus¬ 
ters of lamps, can be more economically used for large, tlmn for 
small areas. 
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All inspection of tlie table will show, that while a given area 
may be lighted .satisfactorily by 16 clusters of four lamps each, 
an area one-fourth as large, lighted by four clusters at the same 


distance apart, would not be as well lighted with six lamps to 
the cluster. It will be seen also that the larger the area, the 
further apart may lamps of tlie same candle power be placed. 
Foi- exajuple a room 40 feet square with 16 lamps 10 feet apart, 
is fully as well lighted as a room 16 feet square with four 
lamps eight feet apart. 


J^et ns compare arc and incandescent lights on the same basis, 
that tlie mininmin illinnination shall be the same tinder both 
systems. First, I must say that the eflSciency of arc lights has 
been greatly overrated. Instead of being ten times, it is rarely 
tlii-ee times, and often only one and a half times that of an in¬ 
candescent lamp.^ Tliis is for the naked arc. For indoor illu¬ 
mination, ground or o])al globes are nearly always used, and these 
cut off fully lialf the liglit.^ This leaves the efficiency at the 
most 1.5 times that of tlie incandescent lamp. The power re¬ 
quired for a If) candle incandescent lamp is 50 watts, and for a 
full arc lamp 450 watts. The arc lamp must, therefore, replace 
nine incandescents. Assuming that the lamps are distributed as 
described in this paper, tlie table shows that if four arcs take 
tlie place of 3f) incandescents, tlieir efficiency as compared with 
the incandescents must lie 1.828, and with a relative efficiency of 
only 1.5, the arc lamps would not light the space as well as the 
incandescents. If 10 arcs take the place of 144 incandescents, 
the ratio of the efficiencies required is 1.56, and arcs at 1.5 are 
still not equal to the incandescents. If 64 arcs take the place 
of 576 incandescents, the ratio of the efficiencies becomes 1,42,. 
and arcs at 1.5 would be an improvement on the incandescents. 
It comes then to this, that unless the area to be lighted is so 
lai'ge as to require about 500 incandescent lamps distributed uni- 
fonnly over it, tlie use of full arc lamps requiring the same 
power, will leave some parts of the area less brilliantly lighted.. 

If we could make small arc lamps of the same efficiency as 
the full arc—by full arc I mean the so-called 2,000 candle lamp 
consuming about 450 watts—we could improve somewhat upon 




1. See ‘‘Efficiency of Artificial Methods of Illumination.” Dr. Nichols : 
Transaptions, vol. vi., p. 171. 

2. “ Loss of Light from Us© of Q-lobes with Arc Lamps.” G-eorge D. Shepard- 
son: EUcPncal Worlds vol. xxiii., p. 287. 
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the result as obtained above. But the fact that the mechanism 
of a small arc lamp costs just as much as that of a large one, and 
that edoh small arc will require as much care and attention as a 
large one, would place a limit upon the subdivision of tlie arc 
even if the efficiency could be maintained. And here I wish to 
enter a protest against the assumption that I often find in discus¬ 
sions of this subject, that the m-eaUed 1,200 and 2,000-candle 
power arc lamps m*e 1,200 and 2,000-eandle lamps. There is no 
450 watt arc lamp in use that will measure 2,000-candles in the 
direction of greatest intensity, and compared with other artiticial 
sources for general illumination, that is measured as other sources 
are. measured, there is no 450 watt lamp that will give, when 
surrounded by a plain glass globe, 500 candles. 

In a linear distribution, as in street lighting, the arc is at a still 
greater disadvantage. Remembering tliat nine 10-candle incan¬ 
descent lamps can be run with the power required for one 450- 
watt arc, it is seen that the arcs must be nine times as far apart 
as incandescents consuming the same power, and to give the same 
miniimim illumination must be 81 times as intense, or al)ont 
1,300 candle power. But in no arc lamp as used for street light¬ 
ing, do the rays proceeding toward the most distant points to be 
illuminated, reach more than one-fourth this intensity. In my 
way of thinking, the location of arc lamps at intervals of 1,000 to 
1,000 feet as they are often seen in pretentious country villages 
and suburban places is an entire waste of money. A little spot 
50 to 100 feet in diameter under each lamp is brilliantly lighted, 
while tlie more distant points are in darkness all the more pro¬ 
found from the loss of sensitiveness of the eye when in the strong 
light. Incandescent lamps at intervals of 100 to 200 feet, which 
could be rim by the same power, wouhl give a far better illumin¬ 
ation. 


Of course, in deciding between the use of arc and incandescent 
lamps in any special case, tliere are other questions to be con¬ 
sidered besides that of tlie power required to operate. Practical 
questions of installation may outweigh all others. The consider¬ 
ations of these is foreign to tliis paper. Tlie question I have 
considered is purely one of efficiency, and in treating that 
question I have assumed that every part of a space to be lighted, 
needs the same amount of light. I have omitted from the con¬ 
sideration all ejffects of reflection from ceilings, walls, or reflec¬ 
tors purposely provided, as these are too vainous and depend too 
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mucli upon the conditions in each special case to be introduced 
into a ^enei al discussion, mam object has been to point out 
to just what extent tlie general illumination of a space is ajffected, 
other tilings being equal, by the use of large in the place of small 
sottices using in the aggregate the same power, and I trust the 
figures and illustrations I have given may be fonnd useful in 
considering the special cases that may arise. 

Vineland, N. J., A])nl 38th, 1894. 
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Discussion. 

Me. Nki^son W. Perry: —I would like to ask in regard to tlie 
statement that no 450 watt lamp will give, when surrounded hy 
a plain glass globe, 600 candles, wliat it means ? There have 
been so^inany thousand measurerneiits of the intensity of ai*e 
lamps that have almost universally shown an intensity in tlie 
plane of maximum illumination between 760 and 1250 and even 
more, that it would seem that they could not all be wrong. 
Most of these measurements were made with lamps witliout 
globes probably. Now, if we assume 1000 o. as an average of 
all of these determinations without globes, we must assume that 
Prof. Anthony’s statement if true must mean that clear glass 
globes cut otf at least 50 per cent, of the light in order to bring 
it down to 500. This of course is absurd. 

Prof. Anthony: —I think you misunderstood the statement 
there. The statement is in the direction of the most distant 
point to be illuminated. 

The President: —Is that made by tlie short arc or the long 
arc ? 


Prof. Anthony :—Tlie long arc 450 watt lamp. That is in 
the direction of the fartliest point to be illuminated. It would 
be not more than ten degrees from the horizontal line. Tlie 
illumination of any arc lamp in tliat direction is very small. 

Mr. Kennelly: —While the figures tliat Prof. Anthony gives 
are no doubt true in tlie open air, without moon or star light; 
that is to say where there is no reflection; yet within doors tlie 
circumstances of reflection from walls and ceilings, would so far 
modify the practical conditions of the problem, that the conclu¬ 
sions to be drawn from the papei- will surely undergo great 
raodifleation in consecjuence; and while no doubt the general 
proposition is true that to get the most uniform and the least 
minimum illumination at any point, you should place a thousand 
candles in 1,000 candles and not have it in one lamp, still the 
effect of reflection from walls and ceilings, will so far modify 
any preconceived notions that we may have upon what should 
be* the best luminous distribution, that everything would largely 
depend upon the particular circiimstances of each case. 

The President :—I must confess to considerable surprise at 
the figures reached by Prof. Anthony. I do not doubt but that 
as a careful scientific man he has the facts of actual measure- 
rnent to warrant the correctness of these conclusions. I would 
say, though, tliat such a very small economy of light for an arc 
lamp is quite at variance with* the experience 1 have had in the mat¬ 
ter, and is absolutely inconsistent with our ideas of the relations 
existing between temperatures and the power of emitting light. 
The temperature of an arc is immensely higher than that of an 
incandescent filament at any temperature at which it would be 
practicable to run the filament, and to get so astoundingly small 
an economy out of an arc lamp shows that there must be either 
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some peeuliarit V of measurement, or sometliiiig wrong in our 
preeoneeived ideas as to the relation wliieli oiiglit to exist be¬ 
tween eandle j)4)wer and temperature. I do not think it fair to 
measure the light giving power of an arc in a horizontal direc¬ 
tion and l)ase conclusions on tluit. It is fair enough to take that 
in an ordinary gas tlanio or in an incandescent light where this 
direction is far from being its position of least eiiiciency. I do 
not think it is fair to take it in the case of an arc light. I was 
particularly indmaMl to ask whether you were running with the 
long arc* or the small arc since it struck me at first that possibly 
tlie error might come from the shading of the positive crater by 
the ]>rojection or nipple on the negative carbon. The figures 
sur])rise me* vm*y much. I feel sure that it will he quite a 
sur]>rise to those* interested in arc lighting in the country to learn, 
if 1 am (M>!*rect in my understanding, that you do not get more 
than one and one-half times ont of the arc than out of the in- 
candesi'imt. Still, if true, it is very well wortli learning. 

Mu. S'lMiiNMKTz:—1 think the figures are not very far from 
tnu?.. When the 2,000 candle power are light got this name, it 
wus given to it becunso if everything is adjusted carefully, as it 
can he done in the lahorutory, then the maximum intensity is 
ahout 2,000 candles, ])ut tlie spherical intensity is only little 
more than one-third jis liigh, that is, YOO candles, and taking 
into considej’ution, that a part of the light is shaded oflf by the 
glass gl()])e, wii get not very far from 600 candles as the mean in¬ 
tensity of the c<.)verc(l are*. Still from another side you can ap¬ 
proach the same result: 

The l)rillinney of the a!‘c is that of boiling carbon. The 
brilliaiK^y of the incandescent lamp filament, that is, the candles 
per watt, is less. Ihit, increasing the temperature by raising the 
voltage, in(*reas(.*s tlie brilliancy, until the carbon filament evapo¬ 
rates] Now, immediately before this, the brilliancy must be 
aliont tlie same as tliat of* the arc. Photometric tests of incan¬ 
descent lam])s at seven to eight times their rated candle power 
give brillian<*ieH of from 1 to 1.2 candles per watt, and seem to 
point towards a maximum value of ahout 1^ c. p. per watt. The 
spherical biilliancy of very large arcs was observed as L5 to 1.^ 
•candles per watt. 

The above stated data of 2,000 maximum or 700 spherical 
candles for the ordinary 450 watt arc gives a brilliancy of 1.55 
candles jier watt, so that, estimating the light absorption of the 
glass glolie as 80 per cent, we get the figures given by Prof. 

Anthony. . . . 

Hence tlie name “ 2,000 candle power are” only refers to the 

maximum intensity of tlie naked arc in the most favorable direc¬ 
tion. A more proper way to rate arc lamps would be, not by 
the candle power, but by the watts consumed. I think that is 

quite extensively done now* , 

Mk. Clayton W. Pikk I understand Prof. Anthony’s 
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figures are about 500 caudles spherical when the glass globe is on. 

I remember making a number of experiments on 1,200 candle 
power lights without any globe, of tlie spherical intensity, and 
in every case we ran below 450 candles. If we cliange from 
the 1,2(K) to the 2,000 and also bidng in the correction for loss 
from the globe, we shall find those figures correspond very 
closely with Prof. Anthony’s. I have done that on a sufficient 
number of arc lights to enable me to feel sure tliat those figures 
are correct. 

Prof. Anthony : — If I may put a figure on tlie blackboard:— 
(making a sketcli, Fig. 4) measuring the intensity of the light 
from an arc lamp at various angles from the horizontal down¬ 
ward, we obtained results which when plotted on a system of 


0 A 



polar coordinates gives a curve like a, c, d, where oa, o J, 
etc., represent the intensities in those directions. The maximum 


intensity occurs at 45 or 50 degrees below the horizontal, and 
from that point toward tlie horizontal it decreases very rapidly, 
until along the horizontal the 450 watt arc will rarely measure 
more than 300 candles. It is usual to take as tlie mean intensity 
of the arc light the mean intensity in the lower hemisphere be¬ 
cause it is the lower hemisphere that we wish to illuminate in all 
ordinary use of tlie lamp. Since the light in the upper hemi¬ 
sphere is extremely small, the mean intensity for the lower 
hemisphere is much greater than the mean intensity for the 
entire sphere, but even in the lower hemisphere the mean inten¬ 
sity is not above 500 candles. 
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Thk pRKSiivEK'r:—At wliat lieight did you estimate tlie average 
lieiglit of tlie are ^ 

Pkok. An'i’iionv: —These are candle power measurements 
made on a pliotometer. The liorizoutal intensity would be a 
horizontal line. 

The I^icksihent:—Y ou are not considering then the question 
of illumination at all ^ 


l^ROE. Axtuony: —in this case, in determining the candle 
power, we simply measure it on a liorizoutal line as so many 
candles and so on as you go down. At 45 or 50 degrees there 
is a maximunuand the measurements will sometimes run to 1,500 
or caudles. On good 450 watt long arc lamps I never 

obtained hut one measurement out of thousands I have made, as 
high as 2,000 candles. 

The I^JiEsiDEMT:—That probably is near the crater, say, on one 


side. 

lh«oF. Anthony :—Very likely. 

Tuk Ih^EsiDENT: —I do not yet see why you call that the 
maximum intensity. That is not the maximum intensity; else I 
do not understand" Tlie horizontal line—did I understand you 
to call that the maximum intensity? 

PiiOF. AN'ruoNY No. At some 45 degrees below the hori¬ 
zontal, is the line of niaximuni intensity. At the horizontal 
line it wouhl not be more than 800 candles. 

The Hioohetauy Then tlie practical efficiency of the lamp 
would <lej)eud very largely on what purpose that lamp was in¬ 
tended for. If it"was uitended for the illumination of a park 
or any large open space, it might be well to have it up at a cer¬ 
tain lieight, while for practical pxirposes, if the illumination was 
required on a horizontal plane opposite the arc it would he com¬ 
paratively inefficient. So that the practical result will have to 
del lend largely on the purpose for wliich the lamp is designed. 

Mu. Francis K. ITfton:— A little apart from the subject of 
arc lamps, I would like to say, that I am very glad to see that 
Prof. Anthony lias made an effort at the distribution of light, 
which, as I xiiiderstaiid, is tbe title of this paper. A number of 
times I have had that subject brought before me, and 1 know 
that it is one of the most puzzling subjects which can be pre¬ 
sented. The conditions vary so, as Mr. Kennelly mentioned, 
about ceilings and walls, that the question of proper distnhu- 
tiou of light is one which it is very difficult to an^er in general 
terms. There is one point in distribution which I have noticed, 
which probably many of you have observed: that is the fact, that 
in the illumination of a given space, the whole aim should be 
not to spot the lighting, so that the eye will not lose its sensitive¬ 
ness by being dazzled by a bright spot. It is well known to those 
who have to do with lighting, especially with ^e incandescent 
lamp, that rooms can vary two or three-fold in their rate otilln- 
inination; that is the absolute rate of illumination without being 
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noticed if the eye has only darkness to coinpai-e the li^ht with. 
I wish Mr. Stieringer were liere, as he is a master of the art of 
illumination. He put in practice one of the most successful illu¬ 
minations in this country; that was at the exposition at Louisville 
some years ago. At tliat place he distributed his liglits with the 
power to prevent anybody from putting an arc lamp in the 
building, or from using any light, grouped in clusters, near the 
ground. The result was that he was able to illuminate a large 
exhibition building there, so that it looked brilliantly lighted 
with a very low grade of absolute illumination, because there 
was no one spot which your eye looked at which made the rest 
look dark. 1 feel tliat there is great room for some good 
means for determining illumination in distinction from determin¬ 
ing the candle power of the light giving body. There appears 
to be no good unit for illumination that is thoroughly reliable 
for this purpose, and I think that a discmssion of the general 
lines that Prof. Anthony has made in this paper, adds'to the 
knowledge of wliat is meant by the distriliution of liglit, and I 
hnd it very interesting. 1 think, probably many of you liave 
perceived, in going along a street at night and looking into the 
various stores and seeing how much the illumiuatioirvaries, by 
reason of the mode of placing the liglits in those places, how 
much more use can be made out of lamps well [ilaced than out 
of lamps poorly placed. 

The Prksidknt :—I suppose the photometer you used abso¬ 
lutely prevented any reflection from the ground. You simply 
measured tlie liorixontal ray. You had ju-obalily a shield or 
screen or something to prevent any other light from coming in 
except frotn that direction. 

Pbof. Anthony : — Those measurements sucli as I have shown 
on the board are made in the photometer room—a blackened 
room. 

The President:— Consequently you would lose all possible 
advantage of what you get in actual practice—illumination of 
objects from light thrown from the ground. I cannot believe in 
only one and a lialf times tlie efficiency of tlie arc light over the 
incande.seent. It is contrary to my experience. I think there is 
sometliing wrong in the method. However, I certainly shall 
know in a little while whether 1 am wrong or not. 

Mr. H. O. Heinrich :—It is rather surprising that so little 
attention has been paid to the very important and eminently 
practical questions considered by Professor Anthony. If we 
would simply make a distinction between luminosity of a source 
and illumination produced, such perplexing questions as the 
actual candle power of a “2000 candle power” arc would be of 
very minor importance. 

On account of the complication of conditions the illuminating 
effect of a combination of sources of light, such as met with for 
artificial illumination, is almost beyond mathematical computation. 
A practical and successful solution of such problems can be olv 
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tained only throui!;h a vast number of observations and measure¬ 
ments. 

The rerjviirements of actual practice are two-fold: First: A 
uniform illumination should bo attained, one which comes nearest 
to the ideal ilhimiuanon of diffused daylight. Second: A definite 
intensity of illnininiition should be assumed as necessary either 
for tlie performance of certain work, such as reading, writing, 
drawing, sewhig, etc; for general indoor illumination in theatres, 
lialls, et(%, and for outdoor and street illumination. 

It imitters little for these considerations what the “candle 
power"'’ of a source of light amounts to; for the conception of a 
definite illumination, this expression is without meaning. It is 
necessaiy under tlic above considerations to express the intensity 
of illumination in its own distinct unit. 

Little has l)een doiui towards tlie universal adoption of such a 
unit, although tlic ^Mnetrc candle” was proposed for the purpose 
more than " ten y(‘ars ago by Prof. Leonhard Weber, W. H. 
Preece, and Mr." Wybaw, tlie latter proposing the name'Mux ” 
for this unit. 

On the authority of Dr. 11. Cohn (Breslau) 50 metre candles 
are snOicient to ]>ermit reading with the same facility as in 
diffused davlighr. JL*. coiisiders'lO metre candles as a minimum 
illumination from a hygienic standpoint, for the purpose of read¬ 
ing. Wybauw (MemVe et repartition de reclairement. Bull de 
laSor. lidf/e considers 15 to 25 metre candles 

or "lux” as necessary to permit a fluent and prolonged reading 
of a newspai)er, and holds that a minimum of one metre candle 
^should be re<juired for street illumination. 

Assuming such or similiar values based upon a unit of illuim- 
nation, all controversy as to candle powers would be at an end. 
Contracts for the illumination of reading rooms, balls, streets, 
squares, etc%, sliould specify a required minimum illumination 
in some such unit as aliove referred to, and it would then res 
with the expert engineer to accomplish this with the least possible 
amount of mechanical energy converted into light. 

Actual measurements would soon convince us m what bungling 
way illumination is generally carried out. Prof. Anthony s 
remarks in reference to the lighting of pretentious country 
villages and suburban places are very pertinent; they would 
apply cciiially well to the illumination of our city streets and 
squares if it were not for the illuminated shop windows which 
somewliat mitigate the contrast between superabundance oi ig 

In connection with this matter I may be allowed to make 
reference to Professor L. Weber’s portable photometer, which is 
especially adapted for making measuremente of the intensity oi 
illumination. This photometer seems little known on this side 
of the Atlantic, and I therefore give a sketch of its general 

arrangement. See Fig. 5 and 6. , ^ i_ 

The apparatus consists of a tabe a about 30 cm. long, which 



298 ANTHONY ON DI8TBIBUTION OF LIGHT [May 15,. 

can be moved up and down, and swung in a horizontal plane on 
the upright o. The standard light s, a benzine lamp, is contain-- 
ed in a lantern fastened to the right end of the tube a. Within 
the tube a a circular plate of opal glass can be moved from or 
towards the light s; its distance from s is read in centimetres on 
the scale s by means of an index fastened to the pinion p. At 
right angle to tube a a second tube b is fastened. This tube can 
be rotated in a vertical plane, and its position in reference to the 
horizontal is read on the graduated circle c. A rectangular 
prism contained in tube. b in its axis of rotation receives light 
from the opal glass plate in tube a and reflects this light towards^ 



Fig. 5. 

the eye piece o, so that the right half .of the field of vision is 
illuminated by this light, the left half is illuminated by the light 
entering the tube b at 

In making measurements, the tube b is pointed towards the 
source of light to be measured. This light has to pass through 
a square box g in which may be inserted one or more opal glass 
plates, in order to diminish the intensity of the light and thus to 
make it comparable with the standard light. The apparatus 
permits the measurement of light in the shape of a flame as well 
as the measurement of diffused light. 

Since the measurement of diffused light interests us most at 
present, a short description of the method will not be out of 
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A white screen, the surface of which is absolutely without 
lustre, furnished as part of the apparatus, is placed in a con¬ 
venient iH).sition, either horizontal or vertical, or at any desired 
inclination towards tlie source of light. 

The photometer having been located at a convenient distance 
from the screen, the tul)e u is pointed to the center of the screen.. 
The distan(‘e of the photometer from the screen can be varied 
within very wide limits, the only restrictions being that the field 
of vision receives no other light than that emanating from the 
screen. The necessary precautions for adjustment having been 
observed, tlie opal glass plate in tube a is moved until both 
halves of tlie field of vision appear equally illuminated. The 
distance /* of this glass plate from the standard light at the 



SCREEN! 


moment of equal illumination^ is read on _ the scale on ^ 
in raiilimetres, and tlie intensity of illumination on the whi e 
screen is calculated from the formula. 

10000 


I 


r 


.'4 


The constant M is previously determined as .• . 

A standard candle is placed exactly one 
the white screen and the tube n of the 
towards the screen, so that the center of the 
marked by a cross, is seen in the center of 
As indicated in the sketch, the photometer f 

that the eye looking through the eye piece sees nothing b 
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white screen. The angle of inclination under Avhich the screen 
is observed may be variod within wide limits witliont influencing 
the result, it sliould however not exceed 60*^ from the normal to 
the screen. 

Equal illumination of both halves of the field of vision having 
been obtained by means of adjusting the opal glass plate in tube 
A, the constant c is found by calculation ; 



Since r is read in millimetres and i? is made 1 metre or 10000 
millimetres, 10000 instead of 1 tnust be taken in the formula for 
calculating the intensity of illumination in metre candles. 

A second method permits of measurements of dilfused liglit 
without the intervention of the screen, but for further details 1 
must refer to the description of the apparatus by Prof. Weber, 
JElehroteehriische Zeitsehrift^ vol. v. p. 100. 

Since the whole apparatus can easily be taken apart and packed 
in a box about 24 x 8 x 12 inches, it recommends itself extremely 
well for out-of-door work. In this case the benzine lamp might 
well be replaced by a small incandescent lamp, i>rovided this 
lamp is standardized before and after each set of experiments. I 
liave found sucli miniature lamps very convenient, and quite 
sufliciently constant in caudle power for several hundred observa¬ 


tions. 

The President If there is no further discussion, we will 
go on with tlie next business. I understand that Mr. Wurts 
has notified the Secretary that it would he iinpossilile for liim to 
read his paper on ‘’'^Discriminating Lightning Arresters and Re¬ 
cent Progress in Means for Protection against Lightning,” to day. 
Meanwhile, Mr. Hammer has asked the privilege of tlie floor to 
explain a matter in connection with the consideration of rules 
adopted by the National Electric Light Association for electrical 
construction and operation. 

Mr. W. J. IIammek :—Mr. President and gentlemen—Secretary 
Porter of tlie National Electric Light Association lias sent me for 
<iistribution some of the copies of the Standard Rules for elec¬ 
trical construction and opei*ation recently adopted at the conven¬ 
tion at Washington of the National Electric Light ABsociation, 
and on behalf of that Association and as chairman of the 
Committee on Standard Rules I wisli to bring these rules before 
the American Institute of Electrical ENoiNicEXiS, and I make 
the motion that the cliair appoint a committee, preferably of five, 
who will examine these rules witli a view of recommending their 
endorsement by the Institute. And in connection with this 
motion I would like to ask that this be taken up as a special 
matter on Thursday. 

I wish to say one word in this connection, and that is that 
these rules are the result of a very large amount of work by gen¬ 
tlemen connected with a number of committees which have had 
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this matter in charge for years past. Some years ago there 
existed an infinite variety of rules issued by the different insu¬ 
rance companies, boards of trade, electric light companies, experts 
and others, which rules have gradually disappeared or been 
incorporated in a set of rules issued by the National Electrie 
Light Association. These rules have been issued with very slight 
modifications by the International Board of Fire Underwriters, 
the NTational Board of Fire Underwriters, and the Local Board 
of Fire Underwriters without, however, giving any credit to the 
original source, which is the National Electric Light Association. 
Various efforts have been made to have one single set of rules go- 
out. It is my hope and that of others that before this year expires 
some action will be taken which will bring about this long sought 
for result, and as these rules that are issued by the National 
Electric Light Association are to all intents and purposes the 
same ones which are issued by the Board of Fire Underwriters,, 
with very slight modification, I would recommend that this com¬ 
mittee be authorized to' examine into these rules with a view to* 
recommending their endorsement by the American Institute of 
Electrical ENOiNkERs. This will be a step in the right direc- 
tion. There will be undoubtedly certain things open to criticism.. 
But these rules are in the hands of a permanent committee 
that are intending to make them the standard rules and keep 
them up to date, and the endorsement of the Insthute, as 
a representative body of scientific men interested in matters of 
this character, will assist this good work and I feel sure that with 
this endorsement by the Institute, before the year is out or be¬ 
fore another year comes, there will be but one set of rules which 
will be satisfactory and which will receive the endorsement of 
the National Electric Light Association, the Boards of Fire* 
Underwriters, the American Institute of Electrical Engin¬ 
eers and all other bodies. It is with this end in view that I 
have asked the privilege of bringing the matter before the 
Institute, and I make the motion that the chair appoint five 
gentlemen bo report upon this matter and bring it up before the 
meeting on Thursday. 

[The motion was carried.] 

The President: —The Chair appoints as the committee, Mr. 
Hammer, Mr. C. P. Steinmetz, Mr. A. E. Kennelly, Mr. Edward 
Weston and Mr. N. W. Perry. 

The Secretary made some announcements respecting invita¬ 
tions and the meeting then adjourned until the following day. 

Tuesday evening the members attended an informal reception 
given by the Engineers and Manufacturers of Philadelphia, 
under the auspices of the ‘‘ Engineers’ Club ” and the Electrical 
Section of the Franklin Institute,” at the Manufacturers’ Club. 



Jl paper presented at the Ele^nmth General Meet-- 
ingef the America^t Institute of Electrical En¬ 
gineers^ Philadelphiay May ibthy 18^4- Presi¬ 
dent Houston in the Chair. 


I 

SOME STOEAGE BATTEEY PHENOMENA. 


BY W. W. GRISCOM. 


It was with great hesitation tliat I ventured to accept your 
invitation to I'ead this paper before a body of distinguished men, 
who are more or less masters of their own time and have devoted 
it, and dedicated themselves, to science and research, and it was 
finally with a view to enlisting your interest and assistance in the 
storage battery problem that I decided to lay before you some of 
the phenomena which have in turn battled and instructed me, 
occupied ray thoughts, and kept my faith from fiagging during 

the ordeal through which the storage battery interests have 
passed. 

The study of a complete curve of discharge of a storage battery 
(Curve III) discloses tliree rather sharply defined changes inp. d., 
and after allowing for the effect of internal resistance, we find 
that the changes ai-e those of the e. m. p. 

What is the reason for these changes ? Which plate is respon¬ 
sible for them? 

A microscopic examination of the negative (spongy lead) plate, 
disclosed metallic lead and what appeared to be one, or possibly 
two sulphates. The positive (peroxide) plate, however, showed 
.spongiform crystals of very dark color, known as electrolytic 
peroxide; other compai-atively large crystals of brilliant red, 
probably Erankland’s red sulphate; others of yellow, probably 
yellow sulphate ; and finally the better known white sulphate of 
lead. 

The production of these diverse chemical forms must be at¬ 
tended by production of diverse potentials, and the e. m. f. of the 
battery is possibly a resultant with one or more chemical reac¬ 
tions predominating at various parts of the charge and discharge. 

802 
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A- should be any change of e. m. f, during the charge 

• aischarge of the battery, shows the complexity of the chemi<^l 

til® changes are at times sudden, and at times 
aaa invariable, it would seem to point to the 

• ^ption that the e. m. f. is the resultant of three or more sets 
ox chemical actions. 

rile material on the charged positive plate of the battery is 



commonly called peroxide of lead, but it certainly differs from it 
both in its ability to generate electromotive force, and in its ap¬ 
pearance, and Fitzgerald has pointed out that its composition 
corresponds to the hydrated peroxide of lead, He 

furtlier intimates that a higher oxide of lead may be present,, 
such as perplumbic acid, McLeod has” told us how 

peroxide of hydrogen, ozone, and persulphuric acid are pro- 
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duced. Then there are the two new sulphates of lead and the 
various compounds of snlphnric acid and water. With this array 
of chemical products to assist our imagination, the wonderful 
curves of e. m. f. of a storage battery on charge and discharge be¬ 
come comprehensible. And the fact observed by Gladstone and 
Tribe that thirty-four per cent, more of oxygen was absorbed by 
the positive plate than could be accounted for by the production 
of PhO^ becomes explicable. It has probably been used in con¬ 
verting E^PhO^ mio E^PiiO^,. Their suggestion that it was 
absorbed by local action between the grid and the peroxide during 
charge is utterly untenable. There is no such action. And if 
there were, the grid would not last through a dozen charges. 

The conversion of II^PI^O^ into would account 

for the abnormal rise of e. m. f. at the end of charge, and if it 
be assumed that the E^P\0^ is not stable, but yields ozone 
gradually, thus accounting for the odor of a freshly charged 
positive plate, it would account for the steady fall of e. m. F. on in¬ 
terrupting the charging current. The chemist will easily see the 
relation between these reactions, and the presence of peroxide of 
hydrogen and the continual evolution of oxygen from the posi¬ 
tive plate, and the fact that a charged cell gradually loses its 
charge, maintaining for days a higher temperature than the air. 

I am sorry that the time allotted me for the preparation of this 
paper did not admit of the preparation of curves showing the 
differences in temperature between certain plates of a cell and 
even between different parts of the same plate. Of course these 
changes, many of them, are very minute, and they are due to at 
least two causes, viz., the liberation or combination of sulphuric 
acid on the one hand, and G R on the other. 

In order to study the progressive changes on either plates and 
to plot them out in a curve, it is merely necessary to choose a 
substance which produces a measurable electromotive force with 
the plates, independently of the electromotive force which is 
being produced by the two plates appertaining to the battery, but 
this substance must be one which is neither modified by the 
electrolyte nor by the minute current which it is required to 
produce for the voltmeter. The last is of more consequence 
than is generally understood, as a storage battery which has been 
over-discharged and which has been allowed to recuperate will,, 
even if it be of large size, say of 350 ampere hours capacity, pro¬ 
duce a deflection on a Weston voltmeter (of aboxit 300 ohms),. 
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wliich at first nvdj be 1 75-100 volts and \rliicli will inuiiediatelv 

4 ,' 

begin to fall Mdtii a velocity quite appreciable to the eye. Many 
substances have been tried for snch a test ])late, as for example, 
zinc, carbon, platinum and copper, hnt notliingseeius to he better 
than a well charged Faiire or Plante couple of considerable 
dimensions. The use of such jdates was first published by Mr. 

Crompton, altliough tliey have l)een used foi‘ years in m\' labor- 

' «■ . 

atones, and give concordant results. 

It might be de.siral)le, but it is not nc<-c.ssarv to ascertain ac¬ 
curately the e.vact fraction of tlie total k. m. wliicli is due to 
the plate under test. It is important, liowt!vi*r, to know the rate 
of its change of k. m. k. while the cell (»f which it forms an indi¬ 
vidual part is discharging or charging. 

Referring to the Curve III entitled Plante (,’ell, it will he ob¬ 
served that tlie negative plate maititains a nearly horizontal line, 
until the x*. u. of the couple on di.sf-liai'ge has falhm to l.t) volts, 
w’liile tlie positive plate maintains a curve almost parallel to that 
of the cell, showing that tlie characteristic cnrvt? on di.<clmrgc of a 
. storage battery with plates of nearly C(|ual capacity is diu^ 'mainly 
to the reaction in the |)ositive plate. 

At the end of the charge, however, the characteristic curve of 
K. M. ¥. is due to the lU'gative, the rajiiil ri.se of its curve l)ein<>- 
nearly parallel to that of tlu^ battery, while the rise of 1)01.07- 
tial of the positive is nearly a straight line, wliicli, however, is 
gradually rising. 

It should be iiotexl that tliis curve is the true k. m. e. and is 
not dependent on 4<iie internal resistance of the cell, w'hicli reaches 
the maximum sliortly after the J4th hour in this i-ase, and re¬ 
mains quite constant during the remaining seven hour.s of the 
charge. But while the k. jit. k. is not dejiendent on tlie internal 
resistance, tlie sudden changes in each curve are usuiilly simul¬ 
taneous, indicating a common (anise. 

It may he considered proven, tliereforc, that in a storage bat¬ 
tery with plates of nearly eiinal capacity, the changes in the 
positive plate determine tlie chanuiteristic curves of potential on 
discharge, and that the changes in the negative plate determine 
the characteristic curves of potential at the end of the charge. 

A curious feature in charge is the intersecting of the curves 
of the jxositive and negative plate at several points. At the 
beginning of charge (Curve I II) the tw'o plates are at nearly the 
same potential, the positive potential rises rapidly until it reaches 
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2.22 volts, when it begins to rise in a straight line strictly pro¬ 
portional to time. The negative on the other hand rises grad¬ 
ually until it reaches 2.18 volts, then it rises rapidly, intersecting 
the positive curve in hours and at 2.24 volts, and continuing 
to rise until it reaches 2.40 volts in 16| hours, whereafter it re¬ 
mains constant for the five hours which the positive requires to 
reach the same potential. 

To trace the history of a negative during discharge, {wide 
Curve I) it fell in five minutes .135 volts, in the next six hours, 
.035 volts, in the following hour .250 volts and in 15 minutes 
more, 1.500 volts, showing less capacity than the positive plate. 

In half an hour aft^r stopping discharge it recovered to 1.9 volts_ 

jumping instantly on charge to 2.08 volts, and in 12 hours of 
charge arose only .05 volt. Of course the rate will not modify 
the general characteristics of the curve. 

Within the working limits of charge or discharge, the nega¬ 
tive did not vary over 2 per cent, of potential difference. 

The history of the positive in this curve is not so satisfactory. 
Falling rapidly to 2.04 in ten minutes it fell thereafter in a 
gradual curve .115 volt during the normal time of discharge, a 
fluctuation of about 6 per cent. Ultimately the positive shows 
more caj^acity than the negative. 

The total fluctuation of the cell during the six hours after the 
first five minutes was 6 per cent, in discharge down to 1.9 volts. 
This was the fluctuation of the p. d., that is to say it was the 
fluctuation which would be noticeable to the engineer in practi¬ 
cal service and included all changes due to internal resistance. 

The usual construction of storage batteries—all the plates of 
one name being permanently fastened to one heavy conductor— 
has heretofore interfered with the study of the individual plates 
of a cell. To the end, therefore, of facilitating this investigation, 
the author constructed some cells with independent plates, con¬ 
necting all those of one name to a common mercury trough, 
either directly or through intermediate resistances as in Figure 1. 

The resistances were made such, that one ampere would give ten 
divisions on a dead beat galvanometer, and as each division could 
be divided by the eye into tenths, the current passing could be 
read within one-hundredth of an ampere. An independent 
ammeter and an adjustable mercury resistance were inserted and 
the total current kept constant. The cells tested in this way 
were of three types. The pasted cell of the Accumulator com- 
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pany, the chloride cell and the Plante cell. The object in testing 
a chloride cell was 'to ascertain whether the exceedingly good 
contact (produced by casting the grid around the active material 
while the lattei* was hard, and allowing the molten metal to con¬ 
tract upon it) would operate to lessen the somewhat remarkable 
variations in the behavior of all storage battery plates, but this 
was not the case. Neither was there any marked difference in 
the behavior of the Plante cell. 

The following characteristic readings were obtained from the 
three types of cells at their normal discharging rates:— 

PLx\NTE CELL. 



AT START. 


I HOUR 
A FTER 
START. 


2 HOURS 
AETER 
Sl'ART. 


3 HOURS 
AFTER 
START. 


Amp. Volts. Amp. Volts. Amp. Volts. Amp. Volts. 


2.005 



1-995 

1-99 

2.003 



1.99 

1.98s 

1.995 



1.905 

‘■955 

1.985 


6 HOURS 
AFTER 
STAR'r. 



CHLOItIDE CELL. 


AT START. 

I HOUR 

AFTER 

START. 

3 HOURS 
AFTER 
START. 

Amp. 

Volts. 

Amp. 

Volts. 

Amp. 

Volts. 

5-30 

3.03 

2.065 

5.75 

2.01 

2.04 

' 

5-75 

1.94 

2.00 

5.43 

2.035 

2.045 

5.40 

2.015 

2.03 

5-45 

1.965 

t.98 

S.40 

2.035 

2.03s 

5-35 

2.02 

2.02 

5.3s 

1.975 

1.96 

5-43 

2.045 

2.03 

5.40 

2.03 

2.015 

5.40 

X.985 

1.965 

5-70 

2.055 

2.02 

5.65 

J.99 . 
1.925 

5.70 

1.99 

1.935 


AFTER 



**935 

t.94 


*.955 


6 HOURS 
AF'rKR 
START. 

Amp, 

Volts. 

5.80 

*-735 

X.89 

5*45 

1.86 

1.88 

5-35 

1.86s 

1.87 

S.40 

1.88 

1.86 

S.55 

1.86 

1.66 


AFTER 


X.80 
1.78 I a 
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PASTED CELL. 



1 

at start. 

Amper^. 

Volts. 

6.00 

2.035 

S -93 

2.02s 

S.90 

2.024 

5.89 

2.02 X 

S-Q 2 

2.025 

5 - 9 * 

2.02 

S -95 

2.022 


8 HOURS AFTER START 


Amperes. 


6.00 
6.15 
6.x 25 
6.05 
6.025 

5-85 

6.10 


Volts. 


1.77 

1.79 

t -795 

1.78 
1.78 
1.74 

1.80 


The curious pheuomeuon was presented of variations of cur¬ 
rent amounting to 30 per cent, in plates manufactured rigorously 
alike, kept in parallel and subjected to like treatment during 
their previous life. In eases where the discharge is pushed behnv 
1.8 volts I have observed even more serious differences anioiint- 
ing to a variation of about 225 per cent., one reading being 2.8 
amperes, another 6.4 amperes for perfectly good new plates 
carefully treated. 

And perhaps a still more curious fact was the differences of k. 
M. F. of the plates in the same cell discharging through c<jual 
resistances and connected finally in parallel to the same circuit— 
the E. M. F. ranging from 1.60 volts to 1.85 volts for neighboring 
plates in parallel in the same cell, at the same time. On inter¬ 
rupting the circuit at the end of the discharge of a cell, a consid¬ 
erable flow of current as might be expected passed from one 
plate into another and it was hours before the batteries readied 
equilibrium after the external circuit was open. 

The discharge of one positive into its neighbor, was a rather 
unexpected result. It had been thought that if one plate had 
less capacity than its neighbor it would simply stop discharging 
at a certain point, but that its k. m. f. would always be equal to 
that of its neighbors and that therefore, no current would How. 

The explanation of the phenomenon appears to be that the 
deficient plate keeps on discharging at a lower rate than the per¬ 
fect plate, and finally reaches a much lower point of discharge. 
On interrupting the current, the plate which has not been dis¬ 
charged so far, rapidly recovers a higher voltage than its neighbor 
and, therefore, discharges into it. 

This effect must also take place in the different parts of any 
one plate, and may be a cause for the formation of peroxide on 
the surface of a negative plate after a discharge, a phenomenon 
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which I have never noticed, bnt which has been renaarked by 
too many observers to be ignored. 

The two outside negatives give more than their proportional 
amount of current on discharge, the current being actually less 
than on the other plates, the potential remains higher, and the 
discharge is therefore a little ‘gi’eater. Tliis, in tiu-n affects the 
positives next to them and these positives are usually the lir.st to 
disintegrate in a carefully used cell. This fact was most notice¬ 
able in batteries used on the Eckington and Soldiers’ Horne 
Railway at Washington, where out of 45,000 positive plates, 
there did not occur a single instance of buckling, and yet the 
outside positives always showed greater disintegration than the 
others. 

The tendency of one part of a plate or one portion of peroxide 
to discharge faster or slower than its neighbor, is one of the 
reasons which induced us to adopt the equi-potential methods of 
connecting up the Several plates of the storage battery. It is to 
be noted that these phenomena occur to a serious extent only 
when the batteries are discharged below 1.95 volts of potential 
difference per cell. 

The above tables afford the most complete proof of tlie irregu¬ 
larity of the chemical actions which produce the electromotive 
force of the battery. How one plate is giving current, now 
another. And most remarkable of all, the different sides of the 
same plate exhibit differertces of potential at their terminals 
which 1 can only attribute to differences of internal resistance, 
both in the electrolyte within the plates and in the porous 
active material itself. 

The active material during charge and discharge is undergoing 
chemical change irregularly, not merely in the different plates, 
but in the different sides of the same plates, and as the acti ve 
material is made up of large numbers of little pellets isolated 
from one another by the grid, the conclusion seems inevitable 
that one side of a given pellet is active to a different degree from 
the other side. It is not necessary to conceive that the k. m. f. 
generated on one side of a pellet is as different from the e. m. f. 
of the other side as would be indicated by the potential differ¬ 
ence at the plate terminals. The more reasonable conception 
appears to be that the internal resistance of one side of a pellet 
is sometimes greater, sometimes less than that of the other side, 
varying with the unequal chemical action. But I cannot escape 
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the concliisioa that there must be some real difference of j)oten- 
tial and consequently local action—not merely between the parts 
of the grid, but between opj)osite sides of the same pellet or 
paste. This would account for the fact observed by Ayrton that 
a working cell is always above the temperature of the air—even 
when its own temperature is falling in discharge. 

In 1890 Prof. Ayrton in his most valuable contributions to 
storage battery literature independently noticed the fall of tem¬ 
perature in a discliarging cell, and published a curve which is 
reproduced in Fig. 2. 

Q, Variation of Temperature during Dischargo and Charge 



Fig. 2. 

The explanation for at least a part of this phenomenon is sim¬ 
ple. If, as we all know, the addition of sulphuric acid to water 
raises the temperature, it is natural to infer that the removal of 
the acid from the water will lower the temperature. The former 
occurs on charge, the latter on discharge. 

This fall of temperature on discharge was fii’st brought to my 
attention in 188Y, when some of the cells of the Julien cars on 
Fourth Avenue, New York Oity, were reported to heat unduly, 
and the explanation offered was, that they were called on for 
increased currents on certain grades with unfavorable conditions 
of the tracks. As some of tlie cells did not heat I was not satis- 
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fied with the explanation, especially as the resistance of the cells, 
about .002 ohms, would only account for about heat units 
even on 100 amperes discharge which the cells produced at 
moments. I then investigated the question and found that the 
temperature actually fell even with heavy current, when the 
cells were in good order. 

The potential of a cell is partly due to the degree of cliarge of 
the positive, and partly to that of the negative, and partly to the 
electrolyte. If a negative plate, taken from a fully cliarged 
cell indicating say 2.65 volts on the normal charging current, is 
coupled with a positive from a partly discharged cell, indicating 
say 1.9 volts on its normal discharge current, tlie e. m. e. of tlie 


combination will lie between the two. If the couple be removed 
to a stronger or weaker electrolyte, the e. m. f. will rise or fall 
accordingly. So that a measurement of the r. d. at the terminals 
of the cell is not an infallible indication of its condition of 
charge. If both plates are equally charged, the indication is 
most useful, but when as frequently happens in actual service, 
one plate is further discharged than the other the r, n. is 
deceptive. 

The variations of specific gravity of the electrolyte are practi¬ 


cally proportional to the ampere hours of useful charge or 
discharge—l)arring local action, sliort-circuiting, cliange of tem¬ 
perature, and a gradual sulpliating of discharged positives wlien 


idle. 

The variations of tlie internal resistance of a cell affords 
a valuable indication of the condition of its active material, 
and therefore of its degree of charge. These variations 
have been attributed to the varying porosity of the active 
material—the electrolyte becoming more and more excluded as 


the pores become clogged. But this explanation does not account 
for the odd but invariable nature of the characteristic curves of 
the internal resistance. If this were the true explanation, why 
does tlie curve fall rapidly in the early part of the discharge 
instead of rising ? Why should it remain constant for the greater 
part of the useful discharge ? Why should it sixddeuly rise to a 
great degree, and then fall in the middle of a prolonged charge? 
Why is the internal resistance less, instead of more, on a higher 
rate of discharge ? These facts are not easily i*econcilable with 
the clogging theory, and our knowledge of the chemical reaction 
is not sufficient as yet to afford a convincing explanation. 
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Expeiience shows that it adds greatly to the life of a cell, and 
lirings other advantages to stop the charge at between 2.8 and 
2.45 volts, and to stop the discharge at 1.90 or 1.95 volts, while 
a comparison of the accompanying curves of a cell will show that 
these potentials are reached shortly before, or during a sudden 
rise of the internal resistance. 

A very curious misapprehension prevails among some battery 
people (in spite of the airing the subject has again and again 
received) to the effect that the negative plate has more capacity 
than the positive. If a cell be discharged at a high rate to 1.85 
volts for example, the positive plate will show a much lower 
potential than the negative, and might therefore be deemed to be 
more discharged. If then the negative element be transferred 
to a freshly charged positive element, the negative will usually 
show a considerable additional capacity and this has been cited 
as a proof of the erroneous statement. But if the positive be 
similarly treated, it usually shows considerably greater capacity 
than the negative. This is especially the case with the Faure 
cell in Curve J.a in which the positive actually has 25 per 
cent, more voluine of active material than the negative, and 
shows 45 per cent, more capacity; and is even so on a Plants 
negative which has as much active material as the positive, and 
\ et the latter has nearly 10 per cent, more capacity. 

The positive plate is usually made of greater capacity than the 
negative in order to prevent it from ever becoming discharged, 
to allow for its gradual loss of active material, but there are 
grounds for doubting the propriety of so doing. A negative 
plate ought never to be discharged so far as to drop after the 
first ten minutes, more than 1 or 2 per cent, in voltage, yet the 
temptation to do so with 45 per cent, excess of capacity in the 
positive is very great—with the result of causing shrinkage of 
tlie negative paste and a serious loss of capacity in the cell. 

There is another action which goes on in storage batteries and 
presumably in other forms of electrolyte chemistry, which I have 
not seen explained, nor in fact described. 

When the chemical reactions in an electrolytic cell are simple, 
as for example, decomposing sulphate of copper or sulphate of 
zinc, the amount of action is proportional to the ampere hours. 
But when the possible chemical reactions are complex as in a 
storage battery, the changes are governed by the potential differ¬ 
ence as well as by the current, probably because one of the com- 
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ponents requires a different electromotive force to break it up 
from that required by another. A curious result ensues. Per¬ 
haps the current governs the amount of chemical action and the 
potential the kind. Our factory department reports that if a plate 
pasted with red oxide of lead is opposed to a plain lead grid in a 
forming ” bath, the formation of peroxide proceeds evenly and 
uniformly in the well known way. If it be opposed to a pasted 
negative the same result follows. But if it be opposed by 
another positive plate, a different action ensues, and the unformed 
Opiate cannot be properly converted to peroxide until the other 
positive has been completely reversed, and converted into a 
negative, thus raising the potential difference of the cell. In 
the Curve II it will be noted that at the time the potential 
of the piles suddenly rises, due to the sudden increase of the 
potential of the negative plate, there is at the same time a sudden 
increase of the internal resistance of that plate. This is, how¬ 
ever, accompanied by a sudden and apparently sympathetic 
perturbation of the internal resistance of the positive plate, show¬ 
ing that some chemical change occurred in it, quite different 
from the usual action. This perturbation ceased as soon as the 
negative potential ceased to rise. 

The purple color which is frequently observed in the vicinity 
of the peroxide plate has been variously attributed to the presence 
of gold, iron, manganese, etc. But as the phenomenon is observed 
anywhere and everywhere on the face of the globe, now in one 
cell, now in another, it seems more likely to be some unusual 
form of lead. The persulphide of lead is purple, and it may 
even be that the unstable elusive per-plumbic acid—if it really 
exists at all—is the source of the evanescent but beautiful tint. 
A freshly charged plate has a purplish slate color, very different 
from one that has been idle for a long while. 

There are two other phenomena to which I will refer briefly 
in the hope that some members may be able to throw some light 
on their cause, viz : The sudden spontaneous discharge of a fully 
charged positive and the tendency to buckle away from the light, 
i. e, with a concave face toward the light. Wherever the ten¬ 
dency to buckle is great, as in treating Plante plates in some of 
the more rapid methods, I have observed that when a single 
positive is suspended freely a great distance from a negative in 
the center of a large jar, the buckling is invariably away from 
sun light. The plate may be turned around, it may be moved 
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quite close to one negative or the other, yet the buckling repeats 
itself invariably from the light. The plate may be straightened 
as you will, it may be left with a slight curve in the other direc¬ 
tion, yet neither the natural differences of tension in the two 
sides of the plate, nor the increase or diminution of electrolytic 
action on either side has any influence in buckling compared, 
apparently with the action of direct sunlight. 

It will be remembered that Prof. Ayrton in one of his valuable 
contributions to storage battery literature, commented on the 
theory of Mr. Crompton regarding the effect of liglit on the sul-* 
phating of the negative plate, and detailed an interesting experi¬ 
ment which although not conclusive, tended rather to confute 
this theory. Sir David Salomons remarked upon the effect of 
light on the glass cells causing them, he said, to crack. Alto¬ 
gether it would seem that storage batteries are devices whicli 
engineers would do well to keep in the dark. 

The automatic discharge of tlie positive plate is a compara¬ 
tively rare phenomenon. In my experience 1 have secured 
accurate data in only three instances. I am under the impres¬ 
sion that Sir David Salomons, when by his courtesy I was 
enabled to examine his splendid private plant in 1886, mentione<.l 
this phenomenon, but I do not And it described in his book, and 
as it may not have recurred in his experience he may have felt 
some hesitancy in publishing it. 

On one occasion a cell was zeversed experimentally, and the 
reversing charge continued until 470 ampere hours or three 
times the normal capacity of the cell had been passed through it. 
The potential attained 2.41 volts on a low charging rate. The 
positive had the liealtliy dark color of electrolytic pero.xide of 
lead and was freely gassing, showing tliat it was as fully charged 
as possible. The charging current was interrupted and the n. m. 
F. fell gradually to 2.12 volts in a perfectly normal w'ay. In 35 
minutes a curious seething sound attracted my attention to the 
battery, and I found it in a state of violent, almost explosive 
ebullition. The gas given off was pure oxygen in imraeuBe 
quantities. The temperature at the bottom of the cell had risen 
from 68° F. tp 85° F. and at the top of the cell it reached 
F. Fifteen minutes later the cell was quiescent, the voltage had 
fallen to .24 and the specific gravity from 1.157 to 1.123,—the 
lowest point which it had reached 470 ampere hours before. 
Two or three days later the e. m. f* was zero. 
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During the progress of the phenomenon and afterwards, the 
cell was examined carefully with the most minute care for any 
defect, short-circuit, or other irregularity and it was found to be 
in perfect order. A further charge of 876 ampere hours or. 
about six times the normal capacity was given at a normal rate. 
On this charge as well as on the first reversal charge another 
curious effect was observed—the voltage rose in 15 minutes from 
zero to 0.18, in one minute more it jumped to 2.63. It then 
gradually fell to 2.01 in about 7 hours and thereafter gradually 
rose to 2.48. The discharge was normal to 148 ampere hours 
and presented a peculiarity of a fully charged cell, that is to say, 
the®. M. F. fell in two minutes from 2.05 on 30 amperes to 1.935 
and then rose in a few minutes more to 1.94 volts, and then 
gradually fell the usual 'way. 

Here, then,is the story of a complete automatic discharge of posi- 
ti ve plates from the beginning of the preceding charge to the end of 
the following normal discharge. Was it because the peroxide formed 
only to a certain depth in a spongy lead and so densely as to 
exclude the electrolytes for a time, so that when the liquid at last 
penetrated the spongy lead a violent local action ensued? This 
would account for the heat, and for the fall of potential and 
of specific gravity, but wmuld it account for the liberation of 
immense volumes of oxygen ? I have frequently noticed the 
presence of considerable quantities of peroxide of hydrogen in 
electrolytes. Gladstone and Tribe have also remarked this sub¬ 
stance, but intimate that they found it in minute quantities^only. 
In some cases, however, I have observed it in very considerable 
amounts. Is it possible that this substance was present and exer¬ 
cised its well known property of liberating one atom of oxygen 
from peroxide of lead,and another atom of its own oxygen at the 
same time? This would account for all the phenomena, but what 
accounts for the peroxide of hydrogen in such an enormous 
amount, and why does it not always discharge oxygen from the 
peroxide? And finally is it possible that the continuous evolu¬ 
tion of oxygen on the positive plate while the cell is idle is some¬ 
times due to the presence of peroxide of hydrogen in minute 
amounts, and not merely to what has been called local action. 
I trust some of the gentlemen present will enlighten us on this 
point. 

Perhaps the most striking peculiarity about the modern storage 
battery is the diversity of opinion among professional electricians. 
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as to its utility and commercial value. Men of the highest rank 
as electricians and engineers, are ranged on either side of the 
question. Men of affairs who have put them to a commercial 
test exhibit a like divergence of views. Men who have tried the 
storage battery for a year or two, have written about it in the 
most flattering terms, and have discarded it later. Men who 
have used accumulators ever since their introduction when they 
were much less efficient machines than now, continue to use 
them, and would under no circumstances be induced to part with 
them. Unmitigated praise on the one hand, and unmitigated 
contempt on the other. Broadly stated the European consensus 
of opinion, both technical and commercial, may be said to be in 
favor of storage batteries. Tlie American view until now has 
been mainly the opposite. What is the ground for this wide 
discrepancy ? Why is cautious conservative Europe so far ahead 
in the race? Why is America a laggard in tlie running? 

The answer is not far to seek. Storage batteries are almost 
always an economical success abroad, while here they have been 
too often an economical failure in the past. And the reason is 
that the Europeans always demand a margin for safety, while the 
Americans, with less capital and keener competition, are tempted 
to sail too close to the wind. 

A storage battery continually worked to its commercial rating 
is a commercial failure. A storage battery worked sufficiently 
within its capacity is invariably a commercial success. 

It has been said of Watt that he pursued careful and exhaust¬ 
ive experiments upon the power of horses for all day work, and 
that he ascertained that the average power which they could 
maintain for ten hours was 22,000 foot pounds per minute, but 
in rating his engine he added 50 per cent, and called the horse 
power 3?1,000 foot pounds per minute, so as to make his new 
pumping devices more than satisfactory substitutes for horses. 
Would that storage battery people had been equally wise. 

A battery’s discharge should be stopped after its n. m. f. has 
fallen to 2 volts or at furthest to 1.9, unless it be desirable to 
draw upon its reserve. It should be understood that a full dis¬ 
charge, that is, to 1.8 volts is working a battery to the danger 
limit and is unadvisable for the following reasons: 
a. Eegulation is troublesome. 

S. Efl&ciency is low. 

6». Dangerous molecular changes take place (as indicated by 
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changes of internal resistance and changes of electromotive 
force as well as occasional buckling.) 

d. Uneven plates discharge into one another after the circuit is 

interrupted. 

e. The life of the battery is diminished. 

The writer has had occasion to watch witli the closest seratiny 
a considerable number of plants, aggregating perhaps some 
millions of plates. These batteries were rated like all reputable 
makes, well within their capacity in ampere hours measured by 
charging the battery to about 2.fi5 volts, and then discharging it 
until the potential difference was 1.8 volts per cell. Some bat¬ 
teries have been spoiled by bad management and neglect, and 
some by false economy or bad engineering at the very start; by 
eliminating these, there remain a very large number which were 
successful or wei’e failures for no apparent reason. Tlic utmost 
care was exercised at the factory. The constituent materials 
were analyzed as soon as purchased. Able engineers watched 
the processes of manufacture, but while the (juality of the bat¬ 
tery was improved nmtil no flaw, mechanical, electrical or chem¬ 
ical seemed to remain, still an (xjcasional failure occcurcd in 
actual practice and the cause eluded our search. 

Finally by classifying the failures and successes, tlie trutli 
dawned upon us. Wherever the battery was exhausted to its 
full capacity daily, its life did not e.xceed 500 disMiargos, but 
wherever it was woi'ked within two-thirds of its capacity, com¬ 
plaints were unknown. 

Exhaustive testswere undertaken and some curious phenomena 
heretofore unknown to the writer, were disclosed, and after some 
hesitation he concluded that they might be of interest to this 
society. 

It is natural to ask why the rating shouhl not be changed so 
that the owner of the battery would not l>e tempted to work it hi 
the danger limit. It ought to be done, but in these days of close 
commercial figuring it woidd be difficult to sell a battery which 
appeared o<Btei%s pariJms, to cost 50 per cent, more than its com¬ 
petitors. However, the present rating is strictly accurate and 
lias the sanction of custom the world over. It is only necessary 
for the engineer to I’eraember to add 50 per cent, of the capacity 
as a factor of safety to liis maximum load, just as he allows 
several hundred per.cent, in calculating the strength of a bridge, 
or an axle. 
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This additional amount is not a dead loss in investment. It 
produces many countervailing advantages. It saves the neces¬ 
sity for regulation in most instances. It provides a very effec¬ 
tive and safe reserve for cases where the charging apparatus 
breaks down and for many other cases, and it improves the 
actual efficiency of the battery which rises from about SO per 
cent, to nearly 90 per cent, when used with a sufficient reserve. 
And for cases where it is necessary to maintain a constant differ¬ 
ence of potential, such as electric lighting, it raises the efficiency 
much more, because in these cases the commercial efficiency must 
be rated not from the average point of electromotive force but 
from the lowest point to which the battery falls on dischai-ge 
and when used in this way the p. u. drops only 2'^- per cent. All 
the E. M. F. above the lowest point must be wasted in order to 
secure regulation, unless the troublesome method of regulating 
by the introduction of extra cells is adopted. 

In circuits wdiere this regulation is of no consequence as c, g. 
motor circuits for cars, all the e. m. f. is utilized in increasing: the 
car miles per unit of energy. > 

In this connection it is perliaps worth wliile to call attention 
to a very common misapprehension on the i)art of engincajr.s. A 
stomge-battery for trolley systems or other central stations for 
the production and utilization of electricity has heretofore been 
regarded iii this country as a very expensive addition to the plant. 
But this is not always the case. There are many opportunities 
for introducing storage-batteries as a part of the original phmt 
witliout increasing the cost, as for example in eases wlierc the 
maximum output is two or three times greater than the average 
output. In the tables liere given I liave taken Emery’s figures 
for a basis for the steam plant. 

1,000 HOKSE-POWKR DIRECT .SYSTEM. 

Cost of steam plant... .$70,000 00 

Electric plant, 750 kilowatts, at $30.00 per kilowatt. 33,-500 00 

$03,500 00 

1,000 HORSE-POWER, STORAGE SYSTEM. 

One-half steam plant. .$35,000 00 

One-half electric plant (375 kilowatts).. 11,350 00 

1,500 kilowatt hours, accumulator capacity, at $30 per kilo¬ 
watt hour..... 45_(X)o OO 


$91,350 00 
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Now that batteiies are made in large units and in ninch more 
compact shape tlian formerly, with increased facilities for Iiand- 
ling, it is to be hoped that tlie engineers in this couutiy will be¬ 
gin to give the subject of tlieir introduction more attention, es¬ 
pecially as a cell having a ca])acity of twenty-fonr kilowatt hours 
occupies a floor space (exclusive of connections) of less than a 
square yard. 

The points I have sought more ])articular]y to lay before you 
are: 

1. That the chemical reactions in a storage battery cell must 
be complex, in order to account for the curves of e. m. p., tem¬ 
perature, and internal resistance, 

2. That the current and the e. m. f. of tlie component ])]ates 
of a cell, and of each part of each plate, are constantly fluctu¬ 
ating, in spite of the fact that no source of electricity can compare 
with a storage battery for steadiness and constancy. 

3. That by reducing tlie normal output of a battery ly aliout 
thirty or forty per cent, the discharge can lie mainly contined to 
one set of chemical reactions, thus prolonging tlie life of tlie 
battery. 

4. That the negative and positive plates are apt to get out of 
step, therefore the liattery should he given an occasional over¬ 
charge when necessary, but only wlien necessary to get tbeni in 
line again. 

It may fairly be said that none of these points are new. Only, 
instead of being mere opinions, a,cce])ted by one set of experts 
and rejected by others, they seem to me to be logical and inevi¬ 
table deductions from tlie phcnonieiia herein disclosed. 

I desire to acknowledge the aid I have received in the study 
of these phenomena from my very com})etent lal)ora,tory assist¬ 
ants, as well as tlie accurate and fatiguing work, both night and 
day, kindly undertaken by two of them, Mr. Ilugli Lesley aided 
by Mr. Norman Mellor, in making the measurements and plot¬ 
ting the curves herewith, presented for your consideration. 
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Discussion. 

Dr. Louis Duncan :—In a paper wliicli I liad the pleasure of 
reading before the Institute some years ago, I described^ some 
experiments on some of the points brought out by Mr. Griscom, 
and I would like to say a few words about them. In the first 
place, with respect to the local action taking place in the plates, 
Mr. Weigand and myself made some investigation on this point, 
and found that the local action between parts of the same plate 
was very considerable under certain conditions. We found that 
when tlie cell had been very heavily discharged, that the chemi¬ 
cal condition of different parts of a plug of active material was 
different, and a local action took place, which tended to make the 
plug uniform in its constitution, and this accounted for a part of 
thelincreased loss of energy when the discharge rate in a battery 
was high. Again I see that Mr. Griscom states that Professor 
Ayrton discovered the cooling of a storage cell on its lieing dis¬ 
charged. Mr. Griscom could not have read Professoi* Ayrton’s 
paper carefully, or he would have noticed that Pi*ofessor Ayrton 
himself attributes this discovery to myself and Mr. Weigand. 
We tried to explain the cooling effect by the taking of sulpliuric 
acid from the solution, but this did not account for all of the 
cooling, and there must be some other cause for it. Tliere is a 
considerable amount of energy given to a cell which is never 
given back again, but which results in tlie formation of com¬ 
pounds which are not reversed on diseliarge. 

I see that Mr. Griscom states that the theory held by some 
people that the decrease of the porosity of the ])lugs changes tlie 
resistance of the cell, is untenable. In the paper by Mr. AVeigand 
and myself to whicli I have referred, we made some experiments 
on the porosity of plugs both when completely charged, and 
when discharged, and we found that tliey were much more po¬ 
rous when charged. We wanted to find why it is that a high 
rate of discharge is injurious to the liattery, especially if it has 
been partly discharged, and also wliy the electromotive force of 
a cell drops faster wlien the battery is partly discharged tlian 
when it is fully charged. AVe found that wlieu tlie discharge 
rate is rapid, acid is taken from the solution inside of the ping, 
thus, of course weakening the solution, which only gains acid 
again by diffusion from the outside. The diffusion decreases 
greatly as the battery becomes discharged, and when a certain 
strength of current is taken from it, the acid in the plug becomes 
greatly impoverished, and a plienomenon occurs wliich is men¬ 
tioned by Gladstone and Tribe in their work on the storage bat¬ 
tery. They found that when the solution reached a certain 
dilution the chemical action on tlie lead plates changed, and a 
different compound than peroxide of lead was formed, the plate 
being rapidly corroded. We came to the conclusion then, from 
our work, that a large part of the fall of electromotive force, and 
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the detei’ioration of batteries a.t high discharge rates was due to 
the weakening of the acid in tlie plug, and from our experiments 
on the rate o? diffusion in the plug, we saw that both of these 
effects would be exaggerated as tlie battery was discharged, and 
the ra.te of diffusion was lowered. As the chemical action when 
the battery is partly run down takes place on the inside of the 
plug, the resistance will naturally be increased both by the 
greater distance from the support plate, and tlie decreased con¬ 
ductivity of the material through which the current must flow 
to the support. 

There is one thing that seems to be particularly interesting, 
and that is the fact that plates in the same cell, after the dis¬ 
charge has taken place, will give a current between one another. 
Although the fact that local action takes place in the plate, has 
been observed before, yet I do not know of any experiments 
that have been made oil the loss of energy due to currents be¬ 
tween plates of the same name in the same cell. 

There is another very interesting point in the paper, and that 
is the wonderful phenomenon of automatic discharge described 
by Mr. Grisconi. I have never seen it take place, and 1 am very 
certain I cannot explain it. 

Mr. Griscom:— 1 would like to correct two misconceptions on 
the part of Dr. Duncan. I did not say that Ayrton whose 
unrivalled researches I have not only read but studied, was the 
first discoverer of the cooling effect of discharge, but that he 
independently discovered it and published the first curve show¬ 
ing the history of cooling on discliarge. Nor did I mean to con¬ 
vey the impression that the clogging action of discharge had no 
effect whatever on the resistance of the cell, hnt that it was not 
the only influence at work. For the resistance varies in some 
parts of the charge and discharge in exactly the opposite way 
from that which would result from the clogging theory. 

As to the irreversible electrolytic actions remarked by Drs. 
Duncan and Weigand, I can only say that I have heard of such 
actions very often since the Faure discoveries were published, 
but if the word “ irreversible ” be used in its absolute sense I 
have failed to find them—at least during the proper and legiti¬ 
mate use of storage batteries, 

I entirely concur with Dr. Duncan regarding the importance 
of the researches made by himself and Dr. Weigand on the 
varying diffusivityof acid in the paste. Such researches give 
precision to onr thoughts, and make us feel that some of our 
hypotheses, at least, are huilded upon the rock. 
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[Communicated Aftek Adjournment by Mr. Townsend 

WoLcorr.] 

Mr. GrriscoTn’s papor is a valuable cob tribution to the literature 
of the storage battery. In my opinion it is the best storage bat- 
tery paper ever read before the Institute. In the paper Mr. 
Griscom offers explanations for a number of phenomena before 
unaccounted for, but he also presents a large number of phe¬ 
nomena for which he asks explanations from the other members. 

I am afraid that the desired information is not forthcoming. I 
say this because the theory of the storage battery is full of 

anomalies such as the following: 

Take a strip of ordinary sheet lead which has^ been exposed to 
the air and become somewhat tarnished, cut it in two and place 
the halves in the ordinary battery acid and connect with a low 
reading voltrfieter. In the majority of cases there will be a small 
E. M. F. shown, due to the minute differences in the oxidation 
(tarnish) of the two halves of the same strip. Now by carefully 
scraping the positive piece, the voltmeter may be brought to 
zero, after which a little more scraping will produce a deflection 
in the opposite direction. 

This sensitiveness would seem to indicate that there was an 
exceedingly great propensity to local action in the storage bat¬ 
tery, and it would also seem that a lead grid filled with peroxide 
would constitute a short-circuited couple with an e. m. f. of two 
volts or thereabouts and that when placed in the acid it would 
completely discharge itself in, a short time. 

That is not the case, however, as every one knows. In fact, if 
we take two perfectly clean pieces of lead which give no deflec¬ 
tion on the voltmeter, and coat one with peroxide, even on one 
side the couple will give a considerable voltage, although it may 
be below two volts. That is to say, there is, apparently at least, 
no E. M. F. between the peroxide and the lead with which it is 
in direct contact, while between the peroxide and the lead with 
which it is connected through the voltmeter there is a very 
decided e. m. f. 

The explanation of this appears to be that there is a strong 
tendency of the metallic lead and the peroxide to come to the 
same potential as soon as current begins to flow between them. 
There is probably a momentary current on immersing a peroxide 
grid, but it is probably only momentary, even if the grid remains 
apparently unoxidized. The fact that the voltmeter in the 
experiment just mentioned remains deflected for some time with 
two small strips of lead, would seem to show however, that an 
appreciable quantity of electricity passed before equilibrium is 

attained. , -mr i-i • 

I am somewhat surprised at the results obtained by Mr. Gris- 

com, in connection with the discharge of one plate into another 
which was at a low potential. So far as my experience goes, it 
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is rather contradictoi-y to this. I have frequently seen an at¬ 
tempt made to divide the charge between two equal sets of cells, 
one of which was fully charged,' and the other pretty well dis¬ 
charged. The result was always unsatisfactory. The tendency 
of the E. M. F. of a discharged cell to rise quickly above two volts 
as soon as recharge begins, would soon reduce the current to a 
trifling amount, so that the charges would not be even approxi¬ 
mately equalized in any reasonable time. 

The presence of peroxide of hydrogen in some cells but not in 
others, is another of the unexplained phenomena which are so 
frequently met in storage battery work. It may be possible or 
even easy to construct hypotheses to account for such irregulari¬ 
ties, but what is wanted is demonstration and not speculation. 

[Reply to Me. Townsend Wolcott's Communication by the 

Author.] 

Is Mr. Wolcott confident that the experiment whicdi he details 
proves the existence of e. m. f. due to difterences of oxidation ? 
Is it not possible that it is due to occlusion of gases? 1 have 
found considerable differences of potential lietween two ];)lates of 
chemically clean platinum, one of wliich had been exjiosed to 
the air, after being heated red hot, rather longer than the other. 

if two pieces of platinum about one inch square bo chemically 
cleaned, heated red hot and immersed in dilute sulphuric acid, 
they may be brought to the same potential by a little inaniiiula- 
tion. li* then one of them be removed again, cleaned, heated red 
hot and allowed to cool for a few miniites and then immersed 
in the electrolyte it will at tlie moment of immersion show a ])OW- 
erfiil deflection equal to over a milli-ampere. If, now, the same 
plate be taken out of the electrolyte again, cleaned, heated red 
hot and plunged while red hot in thc electrolyte a very curious 
phenomenon will be noticed—thelirst deflection will be negative 
and immediately afterward the current will reverse and the 
platinum will resume its positive polarity. 

It is hardly credible that the potentials are due to oxidations of 
the platinum. I am rather inelined to think that it occludes 
oxygen from the air and possibly it occludes an extremely minute 
portion of hydrogen wlien immersed red hot in the solution. It 
might, perhaps, be wortli wljile for chemists to remember that 
platinum always absorbs oxygen from tlie air after being lieated 
red hot and really to an appreciable extent—enough in fact to 
produce several milli-ampere seconds per square incli under the 
above circumstances. I have not given careful examination to 
the behavior of lead under these circumstances, but I must con¬ 
fess that I have not found so great deflections while using lead 
as 1 obtained with platinum. 

I do not think that there is as much local action in a storage 
battery as has generally been supposed, if by local action is 



3U4 


ORISOOM ON THE STORAGE BATTERY. 


[May 16, 



able, but the amount of action is limited to tlie oxidation ol the 
metallic lead surface and that oxidation prevents further 
to such an extent that positive plates which have been in use for 
eight years are not oxidized to a greater depth than t lor of ^ 
inch, provided the lead was of good quality and not full (if 
minute holes. My own impression is tliat the loss of energy in a 
storage battery is due to a different kind of local action, to wit: 
that which is caused by the actual differences of potential of dif¬ 
ferent parts of the paste and acid. This^ difference of jioteiitial 
may be due to different densities of acid in the pores of tlie 
active material, or it may be due to different degrees ot oxidation 
of the active material, or it may be due to both factore combined. 

[Communicated Abtee Adjournment by Sir David Solomons, 

OF London. ' 


I have been favored with an advance copy of Mr. Gnscoiii’s 
interesting paper, in which he does me the |ionor ol referring^ to 
me in regard to one or two inattere. I will, therefore, coiihiie 
myself to saying a few words on my experience since the time 
alluded to in the paper. 

It is quite tree that the glass cells are very apt to crack in tlie 
sunlight. At first I thought this must he due to some chemical 
action upon the glass, but such, it would now ajipear, is not tlie 
case, for empty glass cells crack in the same way. I'lierefore, 1 
conclude that the cause must be the unequal expansion of the 
glass, for I was unable to make pots, whieli had been very care¬ 
fully annealed, crack in the manner described. 

ihere can be no doubt that the positive plates in a section 
discharge themselves, if left at rest. There appears to be con¬ 
clusive evidence upon this point. Tliere are two causes for this: 
Mrst, by the slight leakage which exists in every installation; 
and, secondly, a leakage in the cell itself apart from any hxMil 
action which may take place, in consequence of the materials 
employed in building up a section, and this circnmstance cannot 
be avoided, for all substances conduct in a fjreater or less degree. 
With due care and by the addition of caustic soda or sulphate of 
soda, I have been ab'le to reduce the slow discharge in a very 
great degree. In all cases, where tlie battery is likely to be left 
at rest for considerable periods, great attention should be given 
to the materials employed for building up the section. Although 
this seems to be a common-sense proceeding, it is one often neg¬ 
lected. 
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[Communicated after Adjournment by Mr. Frederick 

Eeckenzaun] 


While I had just missed the presentation of Mr. Griseoin's 
interesting paper, on arriving at the Philadelphia meeting, I 
have since carefully perused its contents. Besides various 
striking points and suggestions, I note some features therein 
which appear to vrarrant discussion. First in tlieir order are the 
curves and data giving observations on the p. d of the positive 
and the negative plates, wherein the individual plates of another 
cell, whicli the author termstest cell,’’ as distinguished from 
the cell under test, have been used as the l)a8is of measurement. 
Why Mr. Griscom should have adopted two separate standards, 
one for each plate under test, is not convincingly explained, but 
it is apparent, that this selection was not a fortunate one. 
Owing to the inconstancy of the standard cell (test cell) itself, 
as shown by its e. m. f. curve, the p. d. curves obtained for the 
separate plates actually represent tlie resultant values of two 
unknown and varying factoi‘s and not, as they purport, the spe¬ 
cific potential variations of the plates under test. Nor could the 
latter be definitely deduced by allowing for the deviation, from 
a straight line, of the is. m. p. curve of the ‘‘test cell,” because 
there is no evidence that the individual plate ])otentlals of the 
latter varied alike. Such being the case, the cliaracteristics 
obtained, necessarily become somewliat problematical. 

In reference to the ‘^continuation” discharge, (Faure cell) to 
which Mr. Griscom attaches special significance, it may be noted 
that the negative curve is decidedly odd, and the context ratlier 
remarkable for its omissions. The negative p. d. curve preceding 
the ‘‘continuation” discharge, if the compensation above referred 
to were made, would undoubtedly be nearer tlie horizontal than 
shown, and would be far from indicating a sudden, abrupt break 
to one volt, within the first five minutes of the continuation, and 


to almost zero in five minutes more; indeed, even taking the 
curve as it is, which represents tlie stcni of the potential losses of 
both the standard and the plate under test, it forms an angle 
with the “ contiiiiiation ” curve which it would be idle to 
anticipate in an uninterrupted continuation of the discharge, and 
still more so in an interrupted one, as was the case, unless some very 
untowai’d accident or interference befell the plate. We are told 
that for the continuation test, tlie plates were separated and each 
opposed to freshly charged plates in fresh electrolyte. We are 
not told the specific gravity and temperature of the fresh 
electrolyte, which factors iiifliienee to some extent the k. m f.; 
we are not told why fresh electrolyte has been used instead of 
the old one or one like it; nor are we told the period of rest that 
intervened. However, that their combined eflEect was consider¬ 
able, and favorable to tlie positive plate, is shown by the curve 
for that plate, in view of which the negative continuation curve 
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appears utterly incredible. Such a state of the negative, one 
might expect if it had been allowed to discharge, as by a short- 
circuit, or exposure to air, (followed by a momentary recuperation 
in the electrolyte) during the intermission. It may also be 
observed, by the way, that the ‘^enlarged” continuation curves 
do not coincide with the smaller ones. 

The charge curve (Faure cell) cannot lay claim to being 
illustrative of normal conditions, owing to the abnormal discharge 
(continuation) immediately preceding the charge, and which, of 
course, must have left its impress upon the {3ates, producing a 
corresponding influence upon the observations following. The 
electrolyte, too, diflEers here again, rising above its original 
specific gravity owing to the acid absorbed from the “fresh” 
electrolyte in which the discharge “ continuation ” had been 
eflfected. In fact, this gain in the electrolyte invites a comparison 
with the output of the continuation discharge. It should be 
approximately proportionate thereto, but it is not. Allowing 
equal formation of PbSOi for positive and negative plates 
per ampere-hour of discharge, the amount of acid absorbed 
corresponds to one half of 11 + 108 ampere-hours (the respective 
extra discharge credited to the positive and negative plates) 
namely, 69,6 ampere-hours. The gain shown by the specific 
gravity curve, however, corresponds to 87 ampere-hours if the 
acid temperature had remained constant, but, as the temperature 
rose during the charge (temperature readings are omitted, only 
a rise of 8° F. for a certain period being quoted), and even if 
this had been all the rise occurring between the beginning of the 
discharge and the end of the charge, the gain in specific gravity 
would be ecjuivalent to over 100 ampere-hours. The assumption 
that this difference between 69.6 and over 100 ampere-hours is 
due to a greater ratio of PhSO^ formation during the accounted- 
for extra discharge is not admissible, and the shape of the 
specific gravity curve of the discharge, as far as it goes, (for the 
extra discharge no specific gravity curve is given) would not in 
the least support it. Nor would it seem reasonable to suppose 
that the “ fresh ” electrolyte was so excessively strong that the 
portion of it that may have been conveyed by the plates made 
such a difference. So that this reminds again of the queer 
behavior credited to the negative plate on the continuation 
discharge. Altogether the curve tables seem but an imperfect 
basis for the conclusions built thereon in the context. 

In regard to standards for taking the individual plate p. n’s.,. 
it would seem beyond question that the use of a single standard, 
which is either electro-positive or electro-negative to both plates 
under test, would yield curves that bear a definite relation to 
each other, irrespective of any possible changes in its own 
potential. It would also facilitate the checking-off of obser¬ 
vations, in-as-far as the distances between the two (p. n. positive 
and p. D. negative) curves obtained must correspond to the 
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independently measnreable values of n. i>. of the cell; and 
similiarly with the respective e. m. f. values. Dr. Sti’cintz, of 
Grraz, Austria, in his extensive storage battery investigations 
(ZsitschTi^t ElehtTotecli/Mlc^ Vienna, Vols. IX. and XL), 
has used zinc as a standard in observing the potentials of in¬ 
dividual plates during discharge, and his results indicate ^that 
under proper conditions that metal is very satisfactory. IJiis 
being the case, it is manifest that it will also lend itself to a 
variety of other lines of observations upon lead accumulators, 
including relative capacity tests of individual plates--even to 
observations upon a complete reversal and its concomitant 
characteristics,—yet leaving a fair working margin between itself 
and the plates throughout all phases. And what is of no small 
advantage, the zinc standard affords a striking graphical illustra¬ 
tion of the characteristics observed. 


POS. and NEG. P.D. CURVES, DISCHARGE 



AMPERE-HOURS 

Pro. 3. 


In testing the relative capacity of the plates, it is only necessary 
to discharge the cell in serieB witli a larger cell (or two in an 
extreme case), in order to assist in overcoming tiie external 
resistance (wires, connections, ammeter, etc.) when nearing zero 
p. D. of the cell, as in the case of an ordinary zero test under a 
constant current, and beyond that point when the w'caker plate 
or section, owing to its sluggish action, sets up a counter f. d. 
in the cell. The entire test can be made without removing the 
plates or electrolyte, or in any way interrupting the discharge or 
interfering with the proper conditions of continuation, and, 
consequently, without mutilation of the curves which are to tell 
the tale of the characteristics sought. 

The accompanying Fig. 3 furnishes an example of the general 
shape of curves obtained by tins method to and beyond tbe point 
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of the cell p. D. zero. The upper curve indicates the p. d. 
yaluL of the positive plate (Zn-FhO,) and the lower curve 
Ihose of the n^ve (L-PJ), zinc being the b^e Ime 

common to both. The two curves approach each othei as the 
discharge proceeds, finally cross at o,) and 
charge is forced toward reversal. Now, if f 
limit of cell p. n. is prescribed or chosen (which 
inside of the steep curvature of the weaker plate,) 1®* 
note be taken of the Zn-Fl>0, value «, and the value 

on passing that limit, because here reallv liegins the - 
parison of the relative plate capacities. Then, if the positive and 
negative plates have the same capacity, zero cell p. d. (crossing 
of curves) will occur at a point (e) corresponding to (« -f- by. 
whereas, if either plate has an excess of capacity, the intei-section 
will occur above or below that point; in the example given, le 
cell zero p. d occurs at o. Thence the discharge is f orced along 
until the p. n. of the stronger plate reaches the value («■ + 6): 
iudicated by the letter ii; PAe difference hdween. the relMwe 
capacities %% .expressed hy the linear dtmsns'iori Ji Upon 

reducing the capacity of the stronger plate accordingly, the new 
•curve would more or less alter its shape at the assumed cell p. d. 
limit, and the latter for the same value would come somewhat 
further inside, as suggested by the dotted lines. Ihe curves (for 
charge, discharge and complete reversal) obta-ined by this 
method will prove instructive in various ways, and tlieir dilier- 
cnces may suggest further investigation into structural and otliei 

features 

The drop in temperature of a discharging cell, alluded to by 
Mr. Griscom, is a result dependent upon ver;^ low mtenial 
resistance and moderate current. Under opposite conditions 
the opposite result, namely, a rise in temperature, will occur. 
Mr. Griscom’s explanation of the cooling effect may help to 
explain the heating effect also. There are two opposing functions 
in discharging a storage battery, which do not bear a fixed 
relation to each other; the chemical (or cooling) effect being ywp- 
portional to the current (as is also the absoi’ption of ralphunc 
acid, referred to by Mr. Griscom), whereas the heating effect 
varies as (7® E. Thus, while the cooling effect may predominate 
under favorable conditions, upon increasing O, a point will be 
reached where the two factors balance and beyond which heat 
will ensue. This balance point, of course varies with different 
types and sizes of sforage batteries. In Prof. Ayrton’s tem¬ 
perature tests, alluded to by Mr. Griscom, the cell temperature, 
though remaining above that of the surrounding air, fell slightly 
below that of an idle cell, wherein the heating was due to some 
local action (possibly the same two functions, with their relative 
magnitude reversed. Dr. Duncan and Mr. Weigand* mention 

J. Transactions vol. vi., p. 317. 
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ha vino* observed a temperature reduction in some cases, and a 
rise in a number of others, the data on which indicate favorable 
conditions in the latter direction. My own observations were 
also of botli kinds, and numerous; especially have I noted a 
marked rise when discharging at such an excessive rate as to 
produce lively gassing at the plates, wliicli was accompanied by 
a marked increase in the internal resistance. Again, in cases 
where a number of cells were confined within a close space 
affording little or no ventilation, (as in an electric launch, etc.,) 
even a slight initial rise would have a cumulative effect, to a 
noticeable extent. These observations were made on cells in 
good condition. 

On page 312 the author refers to ''a very curious misafjprehen- 
sion” prevailing “amongsome battery people” to the effect that 
the negative plate exceeded the capacity of the positive, and 
then proceeds to prove the contrary by reference to tests, tlie 
shortcomings of which have been pointed out above. As a inat* 
ter of fact both conclusions are unwarrantably broad. Iii view 
of the diverse types that are on the market, it must be observed 
that the relative capacity of the plates is as the manutacjturer 
-chooses to make.it. It ciepends upon structural features, upon 
the relative size and thickness of the plates, the relative propor¬ 
tion of “active material” contained therein and the quality, con¬ 
dition and distribution of tlie latter, each of which factors, if 
varied itself, will produce different results. In some accumula¬ 
tors the positive and negative plates are made exactly alike up 
to the point of final “ formation,” and in most of these, when 
in good working order, the negative plates have a consideralde 
excess in capacity, owing, no doul)t, to the spongy ^ lead being 
capable of more thoroughly undergoing the chemical change 
than the peroxide. Dr. Frankland (Royal Society, 1890) re¬ 
marked that “ only half as much material seems to he necessary 
for the negatives as for the positive plates.” Messrs. (Tkidstone 
and Tribe made similar ol)servations. i^rof. Ayrton^ suggests 
an explanation why in the E. P. S. (pasted grid) type “it is neces¬ 
sary to employ nearly twice as much lead peroxide as is actually 
needed for the chemical action.” Some manufacturers have as 


much as ten years ago recognized tlie differeTice and accordingly 
made the positive plates thicker than the negati ves, and, although 
Mr. Grriscom doubts the propriety of so doing, his company also 
follows that practice. 1 have niyself made careful tests of tlie 
comparative capacities of plates and materials, extending over 
some years, and found a considerable difference in the oxides of 
different makers, their capacities ranging (with grid plates i incli 
thick), under like conditions, from 1.4 to 2.5 ampere-liours per 
ounce of red lead iu positive plates, and (with similar grids) from 
2.76 to 3.25 ampere-hours per ounce of litharge coutaitied in 


1. Imt. Elec, Enff,, London, 1890. 
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negative plates, in all these cases putting ofthg 

active material opposite them, to ensure 

samples with the usual working p. n. hm , , ,. .^aoaci+v of 

Among a variety of tests to determine STments 

SSaS to field the most direct results for practical purposes 

3 positives; size 7f x 9| inches, thickness, ^ p i, { 

negatives, in one cell i inch, wenective thick- 

I'n^ • 4- inch ffrids being planed down to the respectn e tmcK 

neiis ir the^second and third cell. The oxides used were of 

the best quality available (the litharge 

factured for storage battery purposes.) The tolls wue workeU 
Hflilv for several weeks, under normal conditions, and the net 
reSt. Wetrlte? were, tlat tl,e cell in which the negah.ee 
were rUueed^to one half their thickness and the amount of lith¬ 
arge therein to 38 per cent, of that contained in the i inch negSr 
tives yielded an output only 16 per cent, less than cell 1. [The 
reason^for only 38 per cent, and not 50 per cent, of litharge 
being in the i hich pW was in the perforations being tapered.). 
Thefjbiect of this experiment was to find how thin a negative 
would answer for a given positive with the 
. without undue sacrifice in the capacity of . Je cell, and the re¬ 
sults obtained approximately correspond if Si 

tions. Generally speaking, the results do not yiuy exactly wit 

thickness, yoliiine and weight, but many other 
aboye indicated, necessarily coiitnbute in determining thcin, «io 
subiect is too intricate to be broadly covered by either Mr. 
Griscom’s implied conclusions or the one he undertook to letute. 

1 concur with Mr. Griscom in his views on the success of 
storao-e batteries in Europe, and their lack of success m this 

country. Other points of comparison Ita 

among which are the generally greater day load of 
tions ?n this country, due largely to a more general use of motors, 
which tends to make the use of storage battenes a somewhat 
less pressing obiect, and further, the entire absence, until re¬ 
cently, of large,'substantial and durable types of cells suited for 
central station purposes. 'While in Europe central station types 
haye been given the utmost attention by manufacturers, with 
corresponding success, American storage battery manufacturers 
on the other hand, have largely endeavored to cope with that 
alluring subiect: storage battery traction—unfortunately with 
but little success—and neglected to cater to the central station 
field, with types especi&lly adoipted to that cl ess oi woik. 

[Eeply to Me. Fekdbeiok Reokenza.on, by the Aothoe.] 

Some of the points made by Mr. Reckenzaun show that my 
paper requires a little further e'lucidation . ^ 

^ First. Mr. Reckenzaun says that the text is rather remarkable 
for its omissions with respect to the curves. I did not pretend 
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to give a complete analysis of the curves, which, by the way, 
are perfectly normal, but only to use some features of them to 

illustrate my paper. 

Second. He‘states that I adopted two separate standards, 
0^10 toj* each plate under test, and states that owing to the incon¬ 
stancy of the standard cell, (test cell), the r. n. curves for the 
separate plates actually represent the resultant values of two 

unknown and varying factors. . 

How this appears to me to show a little tendency— 

u * * to divide 

“ A hair Hwixl; north and north-west side.” 


The total discharge or the “test cell” during the 300 or 400 
readings represented by the curve did not exceed part of 
its capacity. Therefore, there was no change appreciable to my 
instruments in the e m. f. due to the amount of discharge. 
Similarly, the current was about ^ J-„ of the ordinary discharge 
rate of’ the plate, consequently there was no appi-ecial»le 
modification in the readings due to the discharge rate. The 
total variation of the “test cell ’’ in discharge is, as showm by the 
curve, about -.^r of the total variation of the cell under test, say 
.03 volt, of wliich about .01 volt was due to the negative and .02 
volt to the positive. And this variation, which Mr. Reckenzaun 
is pleased to call “ inconstancy,” is due entirely to the specific 
gravity and temperature of the electrolyte. The advantage of 
using this plan is evident. Inasmucli as the temperature and 
density of the electrolyte affect the “test cell ” and tlie cell under 
test equally, and inasmuch as the “ test cell ” and the cell under 
test are of the same nature, this plan enables us to eliminate the 
effect of the change of temperature and of average density from 
those curious changes going on in the plates which it was my 
endeavor to lay before the Institute. 

Third. Later on in Mr. Reckenzaun’s communication he 


appears to recommend the use of a single standard and refers to 
the investigations of Dr. Streintz, of Gratz, Austria, who used 
zinc. I have also used zinc in past years, but abandoned it op 
account of its solubility in the electrolyte, its tendency to deposit 
during charge on the negative plate and the false effects due 
thereto and for other reasons. It is true that by using separate 
cells and by taking precautions to pi-event the intermingling of. 
the electrolytes, it is not impossible to. obtain important results 
with the use of a single standard, but unfortunately it is necessary 
to make an exhaustive and complete research into tlie various 
behaviors of the single standard in the presence of a varying 
electrolyte and a varying storage-battery plate, before it is possible 
to be sure that curves with any single standard represent 
anything but the misleading resultants of unknown and varying 
factors. 

On the other hand, by using for the test cell, well-charged 
storage-battery plates, which have been allowed to stand until 
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they have reached a stationary e. m. f. you the^loss'^'of 

invariable and scientific results because J®" uildCT test 

potential which is due purely and simply to the ^ 

It is as thouffli you measured the difieience oi po < 

!L changes^ ^thal one plate while the oppoetag plate had 

undergone no change from the beginning. 

The use of single standards will not do “V®-. t, ^ » 
simnlv a comnarison which is not only uncertain in its natiiie, 

as explained above, but which has no relation to the real use ot 

***rourth^*^*^irdoes not appear whether Mr. Eeckenzaun or Dr. 
<;treint7 is resDonsible foi* the method which he advises tor 
?eSS the reMve capacities of the plates of a storage-battery. 
The iiHf forcing a current for this purpose through a battery 
iwch has ceased t! be active whether through tl*e exhai^hon of 
one or both of the plates, is, to say the least, open to criticism. 

If the negative plate, for instance, becomes exhausted tnst, as 
usually happens, forcing a charge through it means charging it in 
the reverse direction so that you have the anomaly of a nega ive 
ir charged, or still worse, partially charged as a positive 
Sosed tf a positive in the same cell, ^le experiinent, of 
Srse is interesting; in fact, I have no doubt that this very 
thing frequently occurred in former practice, in the dark ® 

storage-batteries, when cells m 

circuits and buckling, were straightened and ^ 

put in service only half charged. Lucklnig and shoit-circuiting 

Ive happily thin^ of the past, but Mr. J 

would yield an interesting study of the behavior of a batteiy 
when treated in the best manner to ensure its destruction. _ 
Fifth Mr. Keckenzaun says in reference to the continuation 
of the discharge of a Faiire cell, that, “if the compensation above 
referred to were made,” the curve would undoubtedly be nearer 
the horizontal than shown. I think there is no reason for this 
conclusion of Mr. Eeckenzaun. The continuation of the dis¬ 
charge was made with fresh plates of the L type, the camcity 
of which was manv times in excess of the remaining capacity ot 
the cells under tests,—so much so, in fact, that there was no 
appreciable falling off in potential on the part of the larger plates 
and the curve of the test cell was therefore omitted as 

^”lixth!^” The fall of temperature on discharge is a difficult thing 
to explain. Unfortunately for Mr. Keckenzaun s explanation, 
the cdl will sometimes indicate a rise of ternperature and some¬ 
times a fall under what appear to be, externallVj at least, exactly 
the same conditions. I am not inclined to believe that such an 
eminent scientist as Professor Ayrton could have made an error 
due to local action in an idle cell, as Mr. Keckenzaun insinuates. 
And in this connection, as against his theory _ that there is a 
marked rise of temperature whenever there is a marked in- 
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crease in the internal resistance,” I will remind him of the tests 
which were made under his supervision in our Newark labora¬ 
tory in 1887. In one of these tests, the cell was discharged at 
tlte rate of 40 amperes .to 1.8 volts. The records show that the 
temperature of the cell fell .9° F., and at the time wlien the cell 
reached 1.8 volts, its temperature was actually .4° below that of 
the air and yet, as everyone knows, the internal resistance of 
the cell under those circumstances was at least double its average 
internal resistance, and the current remained constant at 40 
amperes. This seems to be in direct contradiction of Mr. 
Reckenzaun’s theory. 

To be sure, such a test, crudely made in a factory laboratory, 
has not the weight of a test made by Professor Ayrton, assisted 
by competent electricians and checked by all the skill and 
resources of a trained scientist for the express purpose of in¬ 
structing the scientific world. But when tlie test conforms to 
Professor Ayrton’s results, it seems entitled to at least as much 
weio-ht as some other crude tests which differ from these results. 

In Professor Ayrton’s experiment he found that the heat pro¬ 
duced by (7® amounted to 3,456 calories, wliereas the heat loss 
due to the cell cooling down amounted in some cases to 12,000 
calories—three or four times as much. Furthermore, the heat¬ 
ing due to H in a given cell does not vary directly as the 
square of the current, because, the internal resistance diminishes 
as the current increases, and what is still more curious, the is. m. f. 
itself appeal's to increase. 

Mr. Reckenzaun talks of experiments in which an excessive 
discharge rate increases the i. k. He must have lieen using 
cells of extremely faulty design, or else he must have made his 
measurements after the cell had exceeded its proper working 
capacity for the discharge rate, or else he based his statement on 
guesswork instead of experiment. I have never known of such 
a case. 

Seventh. Mr. Reckenzaun devotes some space to what he 
calls the “queer behavior” of the negative plate in the continua¬ 
tion of the discharge of the Faure curve and proves that it is 
“queer” by an argument based upon certain apparent behaviors 
of the electrolytes as shown by the curves. The facts are not as- 
Mr. Reckenzaun assumes. The relative proportions of electrm 
lyte were not the same in the charge and discharge, and there is 
consequently no relation between the actual measurements of the 
specific gravities in charge and discharge. The specific gravity 
curves are absolutely independent of one another, and if used 
for purposes outside of my paper should be studied indepen¬ 
dently. 

The “queer behavior” which so impressed him. is what always 
takes place in the complete discharge of a negative plate of good 
construction and the fact that some electricians did not know of 
this “ queer behavior ” was perhaps a sufficient reason for me to- 
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*• 5 f TliA is onlv “ utterly incredible ” to those who 

ofo^tZi theor and who will not venture 

“ .Xfmight toe ?' 

f£^ Sr&eh tahnite precaettoa “j? “ 

said fhat a Very curious misapprehension prevailed among some 
biterrpeople to the effect thlt the negative plate exceeded tl.e 
•SSy^of the positive, and he then points out aUeged short- 
eomiii<ys of the curve upon which he appears to tlunk I based mj 
Statement Of course, I did not rely on any one experiment, 
but Zo?'many hundreds of tests. If Mr. Reckenzaun wants to 
attack^ them by repeating the tests under the same conditions, I 
shall of course, have no objection; but 1 must protest agains 
iSg mrcurves demolished-Vy faulty dialectics based on errors 

^^/mn surprised that Mr. Reckenzaun should not have known 
thi Se negative plate in all usual and coininercial storage- 
batteries of good design has less capacity than the positive, and 
that the curve at the end of discharge for both plates is for a 

considerable space a nearly vertical testing 

nr ten minutes being of usual occurrence. His method ot testin^ 

tJe relative capacities of the plates is roundabout and the results 

have evidently misled him. The simplest ways are the best 

My usual method is to place one plate between two others of 

several times its capacity and discharge it to exhaustion. 

wav its curve is purely its own curve, practically unaffected by 

anything but the electrolyte, and the insignificant loss of potential 

of the farger plates. Care is taken to maintain the electrolyte 

at the proper density. A similar curve is made of tj‘eothei 

plate an^ any changes of proportions which may be desirabl 

calculated from the curves. , -i-v 

nISL. The citation which Mr. Reckenzaun attributes to Hr. 
Frankland in support of what appears to be liis theory, to vrit. 
“ only half as much material seems to be necessary for the 
nec^ative as for the positive plate,” was made by an anonymous 
welter in the FlecMoal lieview, of London, of August 22d, 
1890, in an article referring to Dr. Frankland and not by Dr. 
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Frankland himself. It would not be astonishing?, however, if 
Dr. Frankland had assumed this to be true, as did many other 
scientitic gentlemen at that time; but experiments of Crompton, 
Anthony Reckenzaun, Di-ake and Gorham, which I have con¬ 
firmed myself, show that it is not true. The original idea 
obtained currency, I believe, because in the original formation of 
a battery it took twice as much energy to form a given weight 
of negative element as it did of positive element, and it was then 
supposed that on discharge aftei- formation, the chemical processes 
were reversed; bnt such is not the fact. 

Tenth. liis reference to the Journal of the Jnditution of 
Eleetrical Engineers, 1890-1891, containing Professor Ayrton’s 
papers, is fortunate, for it contains a refutation of the very 
theories, which he is endeavoring to support by it. In the discus¬ 
sion following one of Professor Ayrton’s papera. Mr. Reckenzaun’s 
brother gave a clear and logical explanation of the causes which 
made it difiicult, if not impossible, to furnish a durable negative 
plate with more capacity than the positive, and told why the posi¬ 
tive plate in the E. P. S. form of battery always showed after the 
cell was discharged, the presence of a large amount of lead per¬ 
oxide. The reason lie gives for the latter effect is that the nega¬ 
tive plates become exhausted too soon, in other words had too 
little capacity, and so left the positive plates only jiartially ex¬ 
hausted and consequently with a large excess of peroxide. This 
explanation, I think, is at least partially true, inasmuch as the 
negative plate in the principal batteries of the world, Avlien new 
and in good condition always becomes exhausted first. 

I ought, perhaps, to add that I referred to commercial batteries 
of usual types and in good condition, and not to the abnormal 
types which occasionally make their appearance in the market 
with excessively large pellets of active material, the centers of 
which gradually grow inactive. 

In this connection, I am sorry that Mr. Reckenzaun was not 
more specific in alleging an error in the “enlarged ” continuation 
■curves. I fail to find it.* Botli curves wore maSe directly from 
the notes of the tests. 

Eleventh. The experiments which Mr. Reckenzaun performed 
for us and which he relates in his paper, viz: the ones where he 
reduced the thickness of the negative plates and obtained 84 
per cent, output with 38 per cent, of negative active material, 
are also explained by Mr. Reckenzaun’s brother in the discussion 
before the Institution of Electrical Engineers tiu'ee or four years 
ago; in a word, a greater proportion of the .spongy lead was 
active in the thin plate than in the thick plate. 

Twelfth. Mr. Reckenzaun’s curve, which he says has the 

general shape of curves obtained by ” his “ methoo,” reached 
me after writing the above. I arn at a loss to tell from his 
cautious language, whether the curve was purely hypothetical, or 
whether it was the result of the actual measurements of a round- 
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about metbod. In either e^e, it smte his direct 

and is an adniirable facte. There is only one safe 

methods of ascertaining s«ef Ac lac ^ positive and nega- 
way of ascertaining the rela V .. independently. Any 

pto. and tut i* by —i,y invol« mis- 
Other way until checked by a direct 

leading and unknown faejors. standard), shows an easy 

.,„pe (or one-lttof 

the negative, and fer one-thi S»rage battery discharge., 

a thing never occurred in a n j:a„howe the b. m. f. of each 
During the latter part of . .^erditfon—measured not in 

plate is always on a His nurve is not representative 

Lurs, but minutes or Jt p normal discharge, nor 

even of the worst is ^ a novel nature, and if not 

notice. Nevertheless, the curve „ virions and unexplored 
purely hypothetical may open the held m 

directions. + onvr ■ooint of importance in my 

I do not recall at present ^^®^ed I would like to add, 

paper which Mr. Ref aS pointed criticism as he has 

however, that sucli fran ’ ^ precision to our id^s. 

SbiehU »de it may be,, 

will prevail. 
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DISCBIMINATING LIGHTNING ARRESTEES, AND 
RECENT PROGRESS IN MEANS FOR PROTEC- 
. TION AGAINST LIGHTNING. 


BY ALEXANDER JAY WORTS. 


Part I.—An Experiment with Lightning Arresters on a 
3,000-Yolt Alternating Current Cieouit. 

Lightning storms in the West, particularly among the moun¬ 
tains where water power abounds, have up to tlie present time 
proved a serious drawback to the successful operation of electric 
light and power plants. In some instances these plants are, by 
reason of frequent and violent electric storms, practically in¬ 
operative during the afternoons of the summer months, and now 
that such far reaching progress has been made in the construction 
of high potential alternating current power transmission appa¬ 
ratus, the subject of protection against lightning has become of 
vital importance. The ordinary devices which provide auto¬ 
matic circuit interrupting attachments, and which are still used 
with doubtful success on circuits of low potentials, had signally 
failed to do the work required of them on these high potential 
circuits, and it had become evident that something radically new 
was needed. During the winter of 1892 and 1893 I made a 
searching investigation of this subject, experimenting with dis¬ 
ruptive discharges and various kinds and combinations of appa¬ 
ratus which might promise advantageous results, and since that 
time have spent nearly six months in the State of Colorado—a 
land of thunder storms—testing the various forms of apparatus 
which I had designed as a possible protection against lightning, 
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afld have also made a careful study of such phenomena as pre¬ 
sented themselves. This work was carried out with the deter¬ 
mination to construct, if possible, some form or combination of 
apparatus which should practically shut out lightning discharges 
from the vital parts of a system, and thus greatly enhance the 
possibilities of electric power transmission. 

The general requirements of efBcient lightning arrester appa¬ 
ratus are: First. To provide discharge circuits which shall ope¬ 
rate automatically and repeatedly, and which shall with certainty 
avoid dynamo short-circuits or interruption of the system; 



Fig. 1. 

Second. To provide discharge circuits, or so install them that 
they^shall invariably offer a certain path to ground for disrup¬ 
tive discharges in preference to any other part of the system. 
It follows also from this last, and as a matter of practical experi¬ 
ence, that ground discharge circuits should be short and straight, 
and that ground connections should be of the most approved 
construction. 

The difficulties in the way of meeting the above requirements 
on circuits of high potential seemed at ftrst somewhat serious, in 
view of the fact that many of the arresters already used, had 
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not only been instantly destroyed by the shoi't-circniting which 
follows each discharge, but, in many instances, the arresters had 
been entirely ignored by the lightning, the discharges preferring 
an armature or converter to the spark gaps of the arresters. The 
correct method for overcoming this latter difficulty is to equip 
the system with a liberal distribution of line arresters, which, by 
thus affording frequent opportunities for dischai'ge along the 
line, will greatly lessen the probabilities, or ratlier necessity, for 
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Fig. 2. 

discharging in the station. But the country over which most of 
these power transmission circuits are run is of such a dry, barren 
and rooky character as to make it practically impossible to secure 
proper ground connections along the line. Fortunately, how¬ 
ever, parts requiring protection in these power transimission 
plants are confined to the ends of the circuits, so that it became 
possible to adopt the following general plan, namely: to provide, 
firsts an abundant discharging capacity from the line immedi¬ 
ately before entering the station or power-houses; and second, 
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to interpose between this point and the parts to be protect^, 
such a resistance to disruptive discharges as should make it a 
matter of necessity rather than of choice, dischaiges o 

pass to earth over the discharge circuits provided lor them. 

The only apparatus which seemed at all available tor this work 
was the non-arcing metal lightning arrester, and some efficient 
form of choke coil which might be connected in the circuit b^ 
tween the arresters and the apparatus to be protected. As is 
well known, the 1,000-volt non-arcing metal lightning airester. 



yi<3-» 3. 


which is now almost universally used on alternating current cir¬ 
cuits (see Fig. 1), consists essentially of seven non-arcing metal 
cylindera arranged side by side with 1-64 inch spark gaps inter¬ 
vening. The two outside cylinders are connected to the respec¬ 
tive sides of the circuit and the middle cylinder to the ground, 
thus forming a double pole arrester. For higher voltages, how¬ 
ever, the number of cylinders must be increased in order to 
prevent the dynamo current from following in the path of dis¬ 
ruptive discharges. Experiments were, therefore, made to de- 
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termine the number of noii-arciiig metal cylinder.s and spark 
gaps which would be necessary to interrupt a short-(*ireiiit on a 
3,000-volt alternator with the potential raised to 3,300 volts. 
Nineteen cylinders, or 18 gaps, were found to offer ample mar¬ 
gin, and the breaking down e. m. f, on half this number of gaps, 
which would intervene between line and gj‘ound, was found to 
be about 70 per cent, of the e. m. f. rerpiired to l)realv down in¬ 
sulation ordinarily used in a 3,000-volt generator. Three 1,000- 
volt non-arcing metal arresters were, tlu^refore, selected as t)ffer- 
ing a convenient means of installing this a]>i)aratus (.sec? Fig. tH), 
It is also well known that coils, and even shar|) turns in a wire 
offer a high inductive resistance to disruptive discharges. Vari¬ 
ous forms of choke coils wei-e, therefore, eonstj*iu*ted and tested 
with the idea of determining those proportions whicdi, for pre¬ 
sent requirements,should oifermaxinnim im]>edanee with }i given 
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length of wire. These experiments will lie more i)articularly 
described in Part II. The form finally adopted was that of a 
flat coil about 18 inches in diameter, and wound with 17 turns of 
wire; the size of the wire varied, ot course with the carrying 
capacity of the particular circuit into which it was to be con¬ 
nected. After further experimenting with various combina¬ 
tions of spark gaps and choke coils, it was deeitied that the trial 
apparatus should consist of eight clioke coils and tw«dve LOOO- 
yolt non-arcing metal arresters tor eacli end of each circuit; that 
is, four choke coils should be connected in series in each leg of 
each circuit, with discharge circuits intervening. The relative 
positions of these parts are clearly indicated in Fig, 3, which 
represents one end of each of three circuits. 

The theory upon which tire selection of this apparatus was 
based will be more generally discussed in Part IL; suffice h to 
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say here, that disruptive discharges form nodal points in the 
system, that is, points where there will be a minimum tendency 
to discharge; hence, to avoid these with any degree of certainty 
a multiplicity of arresters, preferably line arresters, should be 
used. Choke coils form points of reflection, or points where 
there will be a maximum tendency to discharge —hence a dis¬ 
charge spark gap connected directly in front of a choke coil is 
more likely to receive discharges, than if placed at some other 
point in the system. Properly constructed choke coils also offer 
a very high resistance to the passage of disruptive discharges— 
so that if one or more such coils be connected between a dis¬ 
charge circuit and the apparatus to be protected, and if the 
discharge circuit or ground wire be short and straight—the pro¬ 
babilities of safe discharge to earth will be vastly increased. 
Further, disruptive discharges are liable to divide and follow 
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several paths, being governed by a complexity of ever varying 
circumstances. For this reason it was decided to connect several 
choke coils in series, so that should only a portion of a discharge 
pass across the first arrester, the balance passing through the first 
coil, a second opportunity for discharge would be found at the 
second arrester, which was also connected in front of a coil, and, 
therefore, at a point of reflection. Should this remaining por¬ 
tion of the discharge again divide, a further opportunity for dis¬ 
charge would be afforded at the third arrester, and so on, so that 
by the time the fourth coil was reached, it was presumed that the 
discharge would have spent itself. 

Some of the many experiments made to substantiate this 
theory are exceedingly interesting as well as instructive. Eefer- 
ring to Fig. 4, A are the terminals of a powerful influence ma- 
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chine, b is a battery of Leyden jars, o a wire whieli may 
represent the gronnd, and is connected to the outside coating of 
the jars, l is a second wire wliich may represent one leg of an 
electric circuit; «, h, e and d are choke coils connected into the 
line L, and in series with each other; 2, 55, 4, and 5 are inter¬ 
vening discharge ciretiits containing spark gaps; 1 is a 
inch spark gap separating lino j. from the in.si<h> coating of but¬ 
tery b. If now the battery becomes charged from the influence 
machine a, a large and A-iolent disruptive discharge will take 
place across gap 1 and suddenly charge line i.. 'rius discharge 
will then pas.s to earth o through one or more of the spark 
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2, 3, i, 5, according to cireuriibtanco^. It will bo noted now, tJiai 
this arrangement of choke coils arid dis(;luirgc eirciiits is Kiiniliir 
to that shown in Fig. 3. The spark gaps wore made of romided 
half-inch brass rod adjustable with a l4P2dnch screw tiiread. 
The coils were wound with No. 0(KK> wiro, wore 3 inches in 
diameter, 6 inches long and contained 1! turns each. 

The following table indicates the very intertmtirig results ob¬ 
tained by varying the lengths of spark gaps 2, 3^ 4 and 5, Tho 
signs —”, i indicate, respectively, a heavy dis 

charge, a feeble thread-like diseliarge and no distdiarge. 
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5 
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1 
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= 12 , 2 = 
were about evenly <11 
always gave thread-li 
are represented grapliically in Fig. 5. 

Glancing now at the above tabk* vv(? t 
that disruptive discliargen experience 
ing as they do large air-gaps in 
but infinitely better conducting pa 
Second. The tendency for diHchurge.s 
paths, part passing across the iirst or h 
der through one or more coils to f 
thereby that a single choke coil <locs 
against the passage of these discharges. Hiird. The uncertainty 
of the paths that will be selected during a scries of testH where 
the conditions are maintained as nearly constant m possible; in 
fact, it seems almost impossible to produce the same results twice 
ill succession. It is, however, to be noticed that with these four 
choke coils in series and spark gaps interviming, the discharges 
are so thoroughly sifted out that only an occasional tliread-like 
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Spark finds its way across the last gap. Witli laboi atory results 
such as these, it seemed fair to presume that results more or less 

similar might also be expected in practice. 

The plant selected for the trial of this apparatus was that of 
the San Miguel Consolidated Gold Mining Company, of Tellu- 
ride, Colorado, which is equipped with a 3,000-volt alternating 
current synchronous system, operating stamping mills, and fui- 

nishing current to the Telluride ijlectric Light Company. These 
points are situated among the mountains at distances vaiying 
from three to ten miles from the power house. 1 hi ee separate 
circuits leaving the power-house extend over a wild and locky 
country and in some places rise above tiniher line. In pievious 
years every attempt to pi’oteet this plant from lightning had 
failed. During the summer months two horses were kept con- 

SYSTEM OF LIGHTNING PROTECTION 



Fig. 7. 


stantJy saddled ready for emergencies consequent on lightning 
discharges, and at the motor and power-house it was common 
practice on the approach of a thunderstorm to lay out, ready for 
instant use, an extra armature coil, with all the necessary tools 
for handling the same. In one of the former types of arresters 
used in this plant forty fuses were blown inside of 60 minutes. 

The location of each bank of arresters was selected with par¬ 


ticular reference to securing permanently damp earth for the 
ground plate, the lines being led to this spot. The circuit was 
thus made to accommodate itself to the arresters rather than the 
arresters to the circuit. The apparatus was then installed in a 
specially constructed and weather-proof lightning arrester house 
(see Fig. 6) the arresters and choke coils being mounted on thor¬ 
oughly dried wooden frames and every precaution taken to insu- 
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l8;t6 tliGsc froin tliG ^1*0110(1 B-iicl from Gcicli otlmi. In this iiiciniici 
also it was expected that tlie lightning diseliarges would i)e ke|>t 
entirely out of the st-ition. 

The' eoimections inside tlm power-house lightning arrester 
house are all clearly indicated in Fig. One main B. ami S. 

No. 3 ground wire was used for all the arresters in eatdi hank, 
unnecessary kinks and l)ends being stiuli<fusly avoided. 



Fa 5 . 

The grounds which 1 used were of the mt»st approver! eon* 
struction, and in this respect were in markial (aiutrast to ground 
connections conunonly found in [uwdicje. An old rusty cnsthig 
or an abandoned pulley hooked ontf> the end of a tangled piece 
of scrap wire, and then thrown into a neighboring creek or the 
tail x’ace of a mill, or a small iron si>ik<^ driven <?onveniently into 
dry earth or sand, form ground eonneetions not infrequently 
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found in practice. But my work being only of an experimental 
nature, a thoroughly good ground connection was thought to be 
one of the essentials. The ground connections were therefore 
made as follows: First, a hole six feet square was sunk directly 
under each bank of arresters until permanently damp earth was 
reached ; Second, the bottom of this hole was covered with two 
feet of crashed charcoal (about pea size)—crushed coke would 
have answered equally well. Third, over this was laid 25 square 
feet of No. 16 copper plate ; Foui-th, the ground wire was then 



Fig. 9. 


firmly soldered all the way across the ground plate; Fifth, the 
plate was now covered with two feet of charcoal; and sixth, the 
hole was filled in with earth, using running water to settle. In 
one instance permanently damp earth could not be reached; 
water was therefore brought from some considerable distance 
through an iron pipe and run into the upper earth of the ground 
hole. In this manner the entire ground construction was main¬ 
tained constantly damp. 

Observations were taken by competent men at each bank of 
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arresters during the entire lightning .seu.son, and tlie re.snlts ob¬ 
tained indicate that the discharges occnri-ed most frequently over 
the second arresters; many passed over tlie third arresters; very 
few, however, over the first or fourth. The writer personally 
watched one of these banks of arresters through severe thunder¬ 
storms and in every instance the discharges uoti(;e<l by him were 
seen to pass across the second series of spark gaps. Tin- dis¬ 
charges followed each other across the cylinders with great 
rapidity, making peculiar and often startling sounds, very similar 
to the cracking of a teamster’s whip, but in no in.stanc(! was there 



a fuse blown, or damage <lone to the arresters. Now, these facts 
are not only of great practical importaiu'c, but are also exceed¬ 
ingly interesting when studied in comusetion with the results 
already mentioned as having been obtained with clioke <H>ils and 
spark gaps in my laboratory e.\periments. At the end of the 
lightning season the non-arcing metal cylinders of the arresters 
were carefully inspected and the confronting sides found to be 
covered with minute black spots where tlie diwdiarges had jiassed 
from cylinder to cylinder. These spots were often <jent,ered with 
very small, smooth exposures of tlie metal, hut in no instniiee 
was there any indication of heading or fusing togetlier of the ad¬ 
jacent cylinders. 
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The net results of this lightning arrester experiment are most 
satisfactorily summed up in the following letter written by Mr. 
P. N. Nunn, Electrical Engineer of the San Miguel Consolidated 
Gold Mining Company. I feel greatly indebted to Mr. Nunn 
for the kindly assistance he has rendered in carrying out these 
tests, and take this opportunity to again thank him for his valu¬ 
able suo'gestions and the pains-taking care with which the instal¬ 
lation was made. 

THE SAN MIGUEL CONSOLIDATED GOLD MINING CO. 


Tblluride, Colo., October 12th, 1893. 

Mr. Alexander Jay Wurts, 

Pittsburgh, Pa. 

My Dear Sir :—In reply to your inquiry respecting the results obtained from 
your lightning arresters in the operation of our electric power transmission 
plant, we take pleasure in making the following statement : 

At the present time, as you are aware, our plant consists of a power station at 
Ames, equipped with Westinghouse alternating current generators of 1100 horse 
power capacity, which supply current for synchronous motors in three stamp 
mills at distances of two, three and ten miles respectively, and for lights in the 
town of Telluride about eight miles distant. The pole line runs over the moun¬ 
tains in altitudes varying from 8,800 to 12,000 feet above the sea level, travers¬ 
ing at different places bare ridges of mountain divide, and large tracts of mag¬ 
netic mineral. It is thus peculiarly exposed to lightning in a district where 
lightning is of extraordinary frequency and force at certain seasons of the year. 

The difficulties of the situation are further aggravated by the fact that we 
generate and utilize without transformation, except for lighting purposes, an 
alternating current of 3,000 volts. 

Despite the use of an overhead grounded wire on our pole line, and the best 
arresting apparatus we could procure, we suffered continual interruptions du¬ 
ring the lightning seasons of 1891 and 1892. On one occasion five armature coils 
were burned out in a single storm. With any other form of armature this 
would have meant five burned out armatures ; but with the toothed armature 
of your machines it represented the cost of five new coils and a day’s delay. 
The frequency of the discharges of lightning was so great that the insulation in 
the highest grade of cables and cores throughout the entire apparatus became so 
honeycombed with perforations as to give rise to continual leakage, grounds and 
short-circuits, requiring constant and expensive repairs and causing prolonged 
delays. 

Since putting in your non-arcing metal arresters in connection with your sys¬ 
tem of specially designed choke-coils, we have passed through the lightning 
season of 1893 without a particle of lightning having passed to our knowledge 
beyond the arresting apparatus, without a shut-down, without the loss of a coil, 
and without a single perforation of insulation. The experience of this season 
has given us the greatest confidence in the efficiency of your apparatuses a pro¬ 
tection against lightning. 

(Signed) P. N. Nunn, 

Electrical Engineer. 
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Part II.—Protection Against Lightning gn (Jiitoorrs oe 

ANY PoTKNTIAI.. 


A system of protection ugaiust lij^htiiinf!; ilisc-iiargcs has hoeii 
designed by the writer, which is applicable to circuits of any 
potential, and although this system has not yet received a prac¬ 
tical test, the indications are that it will prove etlicient. 

The proposition is to connect in .series with the circuit, and at 
frequent intervals, a system of proiiorly constructed (dioke coils, 
the expectation being, tliat the energy stored in the circuit in the 
form of static electricity will, at moments when there is n ten¬ 
dency to a disruptive discharge, dissipate itself into heat through 
the electrical surgiugs which will be set up between and among 
the several choke coils. In Fig. 7 tluu-e is repre.senti-il a |»ower 
transmission circuit provided with this system of protection 
against lightning. 

The theory upon which tlu-se prediidions are based, is more or 
less familiar to eveiy electrical student, 'riiere exist, however, 
differences of opinion reganling some of tlu‘ points involved. 
Many of my impressions are derived from jiersonal observation, 
and through these 1 have been led to believe that, in many cases, 
electric circuits become statiiadlv (diargml bv contact with the 
neigliborhig charged atmosphere, that is, hy conduction from it. 
The charge on tlie line, no doubt, leaks to earth, does the 
charge in the atmosphere, but the two are maintained at practb 
cally the same potential. 

The potential of the atmosphere surrounding tin* wires of 
overhead electric light and |)ower circuits is not very high. At 
the top of Washington monument, Wa^hington, I b C’., the dif¬ 
ference of potential between tlic atimispliere and tlie i*urth dur 
ing the thunder storms is about 3,000 volts. If tfien the 
potential of an aerial wire is the same as that of tlu^ iit;fno8|>hore 
intimately surrounding it, the immediate source of danger from 
the static strain will he inconsiderable. When, Innvever, a 
lightning discharge occursfrom the clouds, this charged condition 
of the wire becomes unbalanced, tite atmospbcjra has been dis¬ 
charged and its potential has suddcmly sunk to mm. The static 
charge in the wire having lost the support of the previoiisly 
charged atmosphere now seeks an equiHhriiirn, and in so doing 
sets up electrical waves which travel to the axtreinities of the 
system, or to points of great resistance, and are there reflected 
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to other parts to be again reflected, and so on. At these points 
of reflection there is an enormous strain, and a consequent ten¬ 
dency to side flash ” so often causing the damage to insulation 
which we are seeking to avoid. Such electrical disturbances 
consequent upon a lightning discharge can be observed in wire 
fences and in tramway rails. In high altitudes even the wet 
rocks are seen to become luminous, giving off brush discharges 
at moments of electrical disturbance, and the human body will 
often feel that peculiar sensation familiar to those who handle 
influence machines, namely, a sudden and cool draught when an 
existing condition of electrical strain is broken down. 

It is then at these points of reflection that the damage is done, 
and that we get the impression of a very high potential. An 
armature insulation is pierced by the discharge, the dynamo cur¬ 
rent follows, there is a great flash accompanying the short-circuit, 
several fuses let go and the superintendent is informed that 
lightning entered the station. As a matter of fact, it is probable 
that the discharge has made a hole in the insulation no larger 
than the prick of a pin or perhaps that of a pin head, which in 
most cases is greatly enlarged by the dynamo current. 

There are other methods, however, by which circuits probably- 
become charged; namely, by static induction from clouds and by 
dynamic induction from cloud discharges. It is probable that 
these also set up electrical surgings in the circuit and that the 
danger to insulation occurs at points of reflection. I am also in¬ 
clined to believe that, although a line is seldom, if ever, struck 
by a direct lightning discharge, it occasionally becomes charged 
by some of the ramifications which are often seen to accompany 
a lightning stroke. 

Fig. 8 is an example of what miglit be called a direct discharge,, 
and to the best of my knowledge there is no evidence to show 
that such discharges strike electric wires. In Fig. 9, there is 
represented a lightning discharge accompanied by ramifications 
which wander off in a seemingly aimless manner, but which, no 
doubt, find their way to bodies or strata of air variously electri¬ 
fied. I am inclined to believe that at times, some of these rami¬ 
fications find their way into electric circuits. 

A curious freak which came under my observation last summer 
is illustrated in Fig. 10. t represents an overhead trolley wire, 
on either side of which are wooden poles, h is a bell-shaped in¬ 
sulator made of compressed mica and shellac. These insulators. 
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easily withstand an electric strain of 12,000 volts, r is an ii-ou 
ring holding the span wire to the {)ole. n is a branch cii*cuit 
feeding current to a group of lamps a\ and l is a liglitning ar¬ 
rester in its discharge circuit, cr is a second grouj) of lamps. 
The distance between h and n is about 50 feet. After a vii^lent 
thunder storm it was noticed that one of these poles had been 
shattered from the top, down to tlie iron ring, the remaining |)or- 
tion being uninjured. Tliis had been done by lightning, and in 
the opinion of tlie writer, by one of tlie ramifications to whi<di 
allusion has already been made. In any case, this discharge, 
whatever it may have been, ])as.sod over the sjian w'ire U* flu* lieU 
insulator H, piercing it and hreaking it into three pieces, then 
travelled along the trolley wire to u, where it appanmtly divid<*d, 
one part passing to tlie group of lights breaking them all, ten 
in number, and tlie other jiart to ea.i‘th tlirongh the arrester n, 
without in any way interfering with the grou|) of lights oh [t 
is quite remarkable to note that none of the fiarts damau-ed l>v 
this discharge showed any indications of heat. 

During the past summer 1 have watche<l many dischargi»s 
enter a generating station over idle wires and pass to earth a(U‘o.ws 
simple carbon spark gaps provided with No. 18 <*op|M*r wire fuses. 
The discharges gave a crackling sound similar to that of din 
charges from a Leyden jar*, and in somtt instances wlicri* I laid 
placed pieces of tissue jiaiier I ad.ween tlic cli?<U rodi\s of t!u‘ spark 
gaps, the papeivs were perfoi-ated witli siiial! holes. In one iro 
stance only which came under my observation did iJh* copper 
wire fuse melt. An afiparently prolonged dischargit jiassed over 
one of the spark gaps with a hissing sound, raised the tips of the*, 
carbon electiodes to a white iieat and I used the copp(*r wire cut* 
out, the time taken being apiiroximately two seciuids, whieli 
would indicate in the neighliorhood of 150 amperes. I lieJieve 
this discharge to have been part of a true liglitrring discharge**-** 
one of its ramifications—l>ut in the great majority of cases tire 

discharges are small, and in this rc.s(KK*t lieur no cfunparison to 
cloud discharges. 

Now, if the “electrical surgingH” theory he correet, I Itolievo 
that these dangerous points of reflection eiui, hy means of pro¬ 
perly distributed and effective choke coils, he eonfiiied to long 
hues and made to wear themselves out. a.s it were, between the 
coils. In this manner frequent points of reflection would be dis- 
tnbuted over the system. Primary waves set up during eleetri- 
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esX disturbances would be broken into smaller waves, wliicli, 
surging back and forth between the coils or points of reflection, 
would finally become dissipated and their energy pass off into 
heat. 



Fig. 11. Fig. 13. 


The number of coils which it would be necessary to use for a 
given length of circuit has not yet been determined, but the 
writer would suggest placing four to each mile of single wire. 
For convenient accomodation on the poles these can be arranged 
alternately on the two legs of the circuit, thus avoiding two coils 
on any one pole. 

Should such a system of protection against lightning be found 
eflicienfc, its many advantages over the discharge circuit method 
would be obvious, particularly in a country where good ground 
connections are costly, and often impossible to construct. 

The general form and dimensions of these choke coils is a mat¬ 
ter of considerable importance. Dr. Lodge states, I believe, that 
for disruptive discharges a flat spiral will offer maximum impe¬ 
dance with a given length of wire. To the best of my knowledge, 
bowever, Dr. Lodge makes no mention of the number of turns 



Fig. 12. Fig. 14. 


which may be advantageously used. I have found by experiment 
that the impedance or resistance to the passage of disruptive dis- 
‘Charges does not continuously increase with the number of turns, 
hut that a critical point is rapidly reached, beyond which addi¬ 
tional turns do not add appreciably to the impedance of the coil. 
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?he critical point was determiued in the following mariner. A 
irge flat coil was constructed, having the following speeifleations: 


Size of wire.Xo. 0 

Number of turns. 

Outside diameter.ao' 

Inside . 


The wire was carefully insulated so that the diseliai’ges could 
ot pass between consecutive convolutions. 

This coil was then connected up in tlie usual manner for do- 
irmining impedance, the general arrangement of the apparatus 
sing shown in Figs. 11, 12, 13 and 14, where b is a varialde 
innt spark gap, one terminal of which is permanently connected 
) either terminal of the coil, wliile the other is j)rovided with 



sharp metallic point fastened to a short flexible eord. The 
arp point was used to piei’ce tlio insulation of tbe coil, thereby 
lebing the copper of any convolution, and also in tids maimer 
ovidiug a means for sliuntiiig any desired portion of the coil 
the spark gap b. Spark gaps a and u were varied by means 
a thirty-second of an inch screw' thread, so that the dimensions 
these gaps are given in thirty-seconds of an inch. 

















856 


WUBT8 ON LIGHTNING ARRE8TBES, 


[May 16, 


Each determination was made by shunting with the gap b that 
portion of the coil whose impedance was desired, and then vai*y- 
ing the length of b until the discharges were about evenly divided 
between the coil and the gap. In the following table are given 
the values of b and the number of convolutions shunted by the 
gap in each determination. 


No. of Turns. 

ist 6. 

2nd B. 

3rd B. 

4th B. 

5th B. 

I 


2 

H 

'A 

H 

2 

1 


1 

I 


3 


sy 

2 

0 

*■ 


4 

M 


3 

3 

354 

5 

2^ 


4 

4 

4 H 

6 

■M 

io ]4 

5 , 

7 

6 

7 

3 ^ 

II 

sM 

9 

6H 

8 


IX 

6 K 

11 

7 % 

9 

sK 

II 


J 3 


lO 

6 

II 

jK 

»4 

9 % 

II 

6% 

II 

8 


10% 

12 

7 

XX 

9 , 

17 


13 

7 % 

IX 

9K 

18 

13 

14 

8 

XX 

10 

20 

*3 

*5 


XI 

ii 

2oK 

13 

i6 

9 

II 

itli 

20^4 

*3 

17 

9 

II 


• 20]^ 

^3 

18 

9M 

II 

iiJI 


*3 

19 

loK 

II 

iijl 

20 J 4 


20 

10% 

IX 

XlU 

20 

13 

2 X 

xo% 

XI 


20X 

*3 

22 


XI 


20%. 

*3 

23 

10% 

zx 

. 

20% 

*3 

24 

10^ 

IX 


20)4 


25 

10^ 

IX 


20% 

*3 

26 


zx 

iiK 

20% 

13 

27 

II 

zx 


20% 

t 3 

28 

ir 

IX 

11*4 

20 % 

*3 

29 

IC 

IX 

tx% 

21 

^3 

30 

II 

IX 

IlJ-h 

21 

*3 

31 

II 

IX 

II^ 

21 

13 

32 

II 

11 

tiji 

21 

*3 

33 

XI 

XX 

itj-^ 

21 

13 

34 

XI 

ll 


21 

*3 


In the first column ai*e given the number of convolutions 
shunted by the spark b. 

Column 1 B gives the values of b under conditions shown in 
Fig. 11, with A equals 12 and with rounded electrodes at b. 

Column 2 B gives the values of b under conditions shown in 
Fig. 12, with A equals 12 and with rounded electrodes at b. 

Column 3 B gives the values of b under conditions shown in 
Fig. 13, with A equals 12 and with rounded electrodes at b. 

Column 4 B gives the values of b under conditions shown in 
Fig. 14, with A equals 12 and with sharp electrodes at b. 

Column 5 B gives the values of b under conditions shown in 
Fig. 13, with A equals 15 and with rounded electrodes at b. 

For convenience, these results are graphically represented in 
Figs. 15, 16 17, 18 and 19, and we note, first, that in each case 
a positive maximum impedance is reached, beyond which addi¬ 
tional turns do not affect the results; second, that with the ex- 
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eeption of the results shown in Fig. 15, tlie imiiediinee does not 
increase beyond about the 17th turn; third, that with both ter¬ 
minals of the coil permanently connected to the discharge circuit 
{see Fig. 15), the increase of ini])edance is more gradual tliati 
when only one terminal is so connected ; fourtli that when per¬ 
manent connection is made to the outside of the coil. Fig. Itl, 
the increase is more rapid than when peimanent connection is 
made at the center, Fig. 17, in other words, a .diiglc turn on the 
outside offers more impedance tlian a single turn near<;r the 
center; for equal lengths of wire, however, the turns near the 
center offer greater impedance; fifth, that increasing a slightly 
decreases the number of turns. Fig. lit; sixth, that using p<Mnts 
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at B, instead of knolxs, does not materially (diange the results, 
other than to make the path selected by the <lischarge somewhat 
more uncertain, as will be noticed l>y the irregular curve shown 


in Fig. 18. The coils which I have constructed have bfien wound 


with reference to the critical point. 


Dr. Lodge has also e.xperimented with such coils in connection 


with iron cores, and found tliat the impedance is not appreciably 
afiPeeted by their introduction. I liave also e.xperimented in this 
line, and have naturally surprised myself Iiy f>btaining quite 
different results. It is, however, to he supposed, in view of I)r. 
Lodge’s masterly study of this subject, that my conditions havt? 
in some way differed from his. I found that ti'pon tlie introdm*- 
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tioii of a small bundle of iron wii'es into the core of a coil, the 
impedance to disruptive discharges was reduced nearly 20 per 
cent. The cause of this was at once made apparent by the 
beautiful sparks which were seen to appear among the iron wires 
of the core upon the passage of each disruptive discharge. 
These iron wires, of course, form among themselves closed 
secondaries to the primary coil, and in this maimer also very 
beautifully illustrate the oscillatory character of the discharge. 

A convenient mechanical analogy for this electrical surging^ 
system may be found in hydraulics. Referring to Fig. 20 let 
M represent a water main closed at either end; f f a supply 
and outlet; d d etc. perforated elastic diaphragms. If now an 
impulse be imparted to the water at s, as by a blow, a wave will 



tend to travel from one end of the main to the other, and if it 
were not for the diaphragms, this wave would either burst out 
the opposite end of the pipe or be reflected back and forth un- 
til the energy of the wave had become transformed into heat. 
The presence of the diaphragms, however, will tend to break up 
the initial wave and confine the surgings to comparatively small 
portions of the pipe. At the same time the perforations in the 
diaphragms allow of a continuous flow of water under pressure. 
In the electrical system the choke coils are supposed to break up 
the electrical surgings, much as these diaphragms break up the 
water surgings, and at the same time the coils do not materially 
interfere with the passage of the dynamo current. The coils 
cause points of I'eflection to occur where an excessive static strain 
can do no harm. The ends of the.circuit, which are the vital 




1894.] 


WUItTS OHLTGHTKJKG AHHKSTh'HS. 


parts of ail electric power transioission svstein, ure tlui> Hluehii‘<l 
by the coils and the energy of the static <-harge is liariiilessly 
transformed into lieat. 

It has, however, been mentioned in Part I. that coils arc nut 
absolutely impervious to disruptive discharges, A distdmrgt^ 
entering a coil meets with continuous resistanee and is Hnully all 
or partially reflected 5 in other words, a coil is not a stout* wall,and 
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does not necessarily cDuflne the point of intense eb‘Hrica! .‘Htmiii 
to the first inch or two of the ef)il The discharge penetmtim l\m 
coil and often causes side flash” to occur well within its inte^ 
rior. In my mechanical analogy thai*efore I have napresctiled 
this yielding opposition, as it were, by elastic rliaphragins. 

Part IIL—Disokimjnatino Lujhtnino AiiiiKSTKits, 

The Gondemer Lyjhtmmg discovi»ry fiiid prac¬ 

tical application of non-arehig metal to filternating fUirrent cir- 
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cuits about two years ago/ lias indicated the possibility of 
constructing a discriminating lightning arrester, as it were, for 
direct current circuits; that is, an arrester which should not re¬ 
quire the usual automatic circuit interrupting attachment, but 
which, by virtue of its material or construction, should allow 
static electricity to pass and prove an eifectual barrier to the 
dynamo current. 

The first step taken in this direction was to carefully analyze 
the conditions, and the general conclusions arrived at were as 



follows : A circuit becomes charged in various ways with static 
electricity ^tending to earth. These charges are, in a majority of 
cases, small and of no considerable intensity. The surgings in the 
system find points of reflection which also become points of 
greatly increased tension. The earth is-the great reservoir (to 
use common language) for these discharges. This reservoir is, 
however, unnecessarily large for the accommodation of line dis¬ 
charges. Might not smaller reservoirs be made—little earths 
insulated from the mother earth ? If the circuit were connected 
1. Transactions, vol. ix., p. 103,1893. 




1894.] 


WUBTS ON LTGU7NnW Ah'BKSTl-nis. 


"HI 


directly or throua;!! spark gaps t<. siicli little earths, these. . aiiger- 
ous surgings might be broken ii]. and the hue sately d.sel, urged 
without a possibility of the dynamo eurnM.t to lowing, haeb 

spark "ap in each of such discharge circuits would then lorni a 
discriminating lightning arrester, Init these littk' earths would be 
nothint*. more nor less than one coating ot a ('ondeiiscr the 
mother’ earth a common coating to them nil. Why not then u...e 





condensers, connecting one side to line, the other to trnrtli t lir* »iigh 
a spark gap ? 

One difficulty immediately preseiitiHl itj^elf. After the eon- 
denser had become charged how wan it to heeoiii«Mii,^idnirgo^^ 
To be successful it must be self-disehargiiig, am! not only tlii?i, 
but the discharge must take place in stiefj a manner that no 
dynamo current should follow. Therefore, to flrHehurgr^ the eoie 
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denser disniptively was at onee <>ut ui tliv p:* : i 

riients ill this line led first to the upjilieafi^»ii mi' « lu ! ^ 

the terminals of,a condenser, the idea hi ine .ur 

charge througli an olinii(M*esistau(T 'idHri<'n!i\ Mt-w !.: 

an appreciable dow of dynamo eunvnf. A ?uf- v. . ; . . 

provided with a wet string leak was treafrd %vlth \ ^ dir rup 

tive discharges from a hatterv of Levden urM..- 

diately applying tlie tongs to tlu- Ifnitiitnl' >•! 'h.-. -n-.i.■!; ! !■ i';, ,- 
the crack of the discliarire, i>ot the .'.miiil.-o 'i-it, ,- 
conld be detected. When the string \va> <tr d, 

come dry the cliarge was retained. Kvidt'?it!^ > v,, ’ 
would not answer as a pernmnenf leak. v , 




■,i iU- 



Fui, 


of plnnilogi, with jiiouliliin, «*ml. ml li.»| 
were p,™i n.to, .,,,1 ' 

rf ....'■■i-'i"'. 

leak would, hetore testing wifli tlir* .■..iidon.i.r 1,.,^. , i i , 

ot 30,000 ohms, and after a single dise|ian.o. i’t «..'}] - 

that this resistance had increased to niativ iiiiedml i! '”*'i 
Oims. This was, perhaps,due to tlietiviui; iu irt f d t 
particles under tlie influence of the disehiule 
the continuity. Finally, a pencil nuirk ov d' T' 

•ugg^ted awd thi, WM f„,„„| w,„|, ,,|,„iral.l"'" “‘i " 

pe.... w. rehhed ^ ^ 
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\v( irrs (i,\ fjh HTMMi AUiu:srhHs, 




tiuikiu^' a iiarriAv >lii!U!{^ ^tivak iiaviim a resistauce ut fn*io 
40JNMI to 5UJHIO Iiiitibiriu’ w ith thf hand.'* tlid iit>t 

to appwiahlV fhatULT^* tlii' rosi.'^taiico. Ih’tKu! hiat'k |K'iii»il luark^ 
\\a.‘i*e HiUiio t>ii tiro tor ht^ftop aiol ‘•oinioofioii to tlio 

toriiiitials cif tht* ohioIoumt obtalioal tlirouuii aJiiHiiniutn ioik 
liotli liluss juhI ti>il hoiuijf |ipoioof#Mi «‘ii flit* i»o{foni l»v iIr* w«it uliai 
Oiiso *»f tht* i*ofMloii>or, afoi on top hv a >ihal! uivaoiotl \vtMiih*ii 
fpofiifii* V t‘»iiHlt‘!i^i*p |»povhiiMi with a iMark louk. 
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WHS now ooiini5i?tial to u ohm v«»lf tliri'f'f f*ai ri*Nt 

aj>}MiriitnN ^^hown in {^*4. til. \ waic* a ouirviilt 


*'iri«nif iital to 
<liria*r oNiroiit 


|jji*norator; r oiif* of flMM'irRuif, whioh nuty rr^ipoMaif a trol 
loywiro* «* ftio olltor I04 t^f f\w rhviiii, aiiii whirh iiniy ropi^f- 
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denser disniptivelj was at oiiee out of tlie <|ue.sti»Hi. K\|H‘ri~ 
inents in tliis line led first to the applieatinn of a \v<*r striuu’ ro 
the teriiiinals of.a condenser, the idea beintr to leak our rhe 
charge throngh an ohmic resistance sntHcientlv great to pianeiit 
an appreciable how of dynamo current. A two m. r. conden>t'r 
provided with a wet string leak was treated with violent disrup¬ 
tive discharges from a hatterv of Leyden jars, atid upon imme¬ 
diately applying the tongs to the terminals (d' theeomhmser aftm* 
the crack of the discharge, not the smallest traer* of a rdiarue 
could be detected. When the string was reniovt*d had he- 
come dry the charge was retained. Kvithmtly a wet strin*»- 
would not answer as a ])ermanent leak. \'arious eompi»sition> 
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of phmibago with ttioiil(liii<r .sand, red IwmI and pliister-Hf-iiari.^ 
were pressed into a tube an<l nseri, bnt these aii proved nn.safi?.- 
factory, being unreliable. In many iristanees this eomposiiinn 
leak would, before testing with the condeiiser. have a resistaiiee 
of 80,000 ohms, and after a single distdiarge il w..nl«l be fmind 
that tins resistance bad increased to many Imndi-ed tiion.smd 
ohms. This was, perha])H, due to tlm* flying apart of the phiinbaito 
paitides under the influence of the discharge, atid so lireakite<‘ 
the continuity. Finally, a pencil mark over gromal glass wat 
suggested and tliis was f<iund to work admirahlv. nieditim 
pencil was rubhe<l hack and forth over a strip of ground ghl" 
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iiiaking a narnnv shinini;- streak laiving* a resistance of from 
40,000 to 50,000 ohms. with the hands (lid not seem 

to a])preciahly cdian<»:e this resistance. Uroarl black pencil marks 
were made on the (*nds far iietter contact, and connection to the 
terminals of the caialenser was ohtaiiKMl through aluminium ioil, 
botli glass and foil ])eing pn^ecttul on the hottom hy the wovxlen 
case of the (aunlenser, and an top hy a small inverted wooden 
trough. A (*and(*nser |>ravi{led with such a jamcil mark l(‘ak. 
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was imw connected t<i a 5O0-volf direct <*uirent circuit and to 
apparatus, as slmwn in Fig. 21, a was a otMnvolt ditwt current 
generator; n one leg «d' the circuit, whmh tmiy nq>rese!it a trol¬ 
ley wire; o the other leg of the eircuit, and which may repre¬ 
sent the ground return : k the two m. f. condenser with its high 
resistanct^ leak / ; e a small spark gap in series with tln^ conden¬ 
ser, and in the discharge circuit; n was a y inch spark gap 
over wliich disruptive discharges would pass from the hatterv of 
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Levden jars (ll), and in this manner suddenly charge the line n. 
The most violent disruptive discharges that could be obtained in 
the laboratory were unable to damage either the generator or 
the condenser. A small spark gap, a tritle larger than o, con¬ 
nected either in series or in shunt to the generator failed to take 
any of the discharges, thus demonstrating the ease with whieli 
the discharges were received by the condenser. Such tests were 
continued for half an hour at a time, the discharges following 
each other in rapid succession, but the condeiisei* was ever ready, 
being kept constantly discharged by the high resistance leak. 
Of course, the resistance of the leak was sufficient to prevent 
the formation of an arc at c. The terminals of the leak were 
also too far apart to permit the condenser to discharge-disrup- 
tively. This device ensures all the requirements of a discrimi¬ 



nating lightning arrester, and 
adapted for station and indoor 
circuits. 


in this form seemed admirably 
use on 5u0-volt direct current 


tor line or outdoor use the condenser was placed in a suitable 
•cast-iron box, one terminal of the condenser being grounded to it, 
while the other was led out through a specially'designed and 
water-tight hushing. If then this iron box were buried in damp 
earth, as a ground plate, so to speak, the outer terminal connected 
to the lower electrode of a small spark gap placed on a pole, and 
the upper electrode of the gap connected to the line, the combin¬ 
ation would constitute a discriminating line lightning arrester 
See Fig. 23. 

Practical tests have been made during the past summer with 
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both station and line coiulenser liglitning arrestors, aiul the results 
obtained have been most gratifying. The plant, in wideli the 
apparatus was installed was tbai of the Denver Tramway Cum- 
pany, Denver, Colorado, in a loeality where lightning storms are 
particularly severe and of fiaaiuent <iccnrrenee. 'I'his [ilant ex. 
tends over a vast amount of territory and no attempt was made 
to protect it as a whole with these arrest(n-s. 'I’lie experiences of 
this companv with automatic lightning arresters on the line had 
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been extremely unsatisfactory, and as a tiiial measure tliey had 
resorted to siiuple carlion gaps liberally distrilnited (»ver the .sys¬ 
tem, depending upon tlu( statimi <dreuit-breuker.s to interrupt the 
short-circuits. This combination, however, worketl satisfactorily 
near the station only; atany (amsiderable distance therefrom, the 
drop on the line was such, tlnit even a short-cdrcuit H<jros.s these 
spark gaps failed to trip tiie breakers. Tlie an* tlierefore con¬ 
tinued until it liad burned it.self out, whitdi in many eases was 
not accomplished until the top of its wooden pole hml lieeii 
burned off. 
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The installation of these condenser liglitiiiii^ arresters consisted 
of five arresters on the line and 44 sjrark j^aj>s with 11 condensers 
in the station. The station spark ^aps wei*e also provj<ied with 
two specially constructed choke coils for eacli feeder. The orit--- 
inal arrangement of this apparatus is si.own in Fij-'. 2;!. ,v is tin- 
generator ; F F etc. the feeders; 1, 2, 3, 4, etc. tli'e 44 si)ark gaps 
alluded to; cl, o 2 the two choke coils in series with eacli 
feeder; s represents the circiiit-hreakers and k Keystone light¬ 
ning ail esters; o is a hank of four 2 m f lauideusers, making a 
common ground for the 44 spark gaps; t is a tank lia’litnim'- 



arrester; o is an overhead ground return; 5 a spark gap in the 

ground wire of the 44 spark gaps. A tell-tale piece of tissue 

iTattl II ^”i ^ across 

any ot the 44 spark gaps. ^ 

The first thunder storm which occurred after this apparatus 
at n unlooked for results. The tell-tale jiaiier 

1 2 s dis«liarge whatever-the spark glps 

1, i, 3 and 4, which were placed in the cupola were examined 
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and many oi these found to he latdly hurned. At lirst thoug-lii, 
this indicated some path to earth other than that provided 
tlirongh gap 5 to the eondenst‘rs. Tests for a ground, however, 
failed to prove this to I)e the (*asi‘. A siu'ceeding storm repro¬ 
duced tliesi^ same strange results. A more careful study of the 
problem, now disclosed the fact that as the (‘inniit-lireakers were 
frequently thrown open during thunder storms, the feeders 
which were thus opened hecame grouml wires, being gnninded 
through their respective motors. (’onse<}nently, live feeders dis- 
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charged into these dead or grounded fetMlers and mer form¬ 

ing arcs which hurned the carbon electrodt^s of the several sjairk 
gaps according to the nnnuint of cummt taken liy the res}>ective 
feeders. 

Fresli carlion electrodes were siihgeijuently provided, and a 
single condenser connecte<l to <»aeh group of spark gaps on the 
individual feeders, which arrangement wmild prevent the possi¬ 
ble re-occurrcmce of arcing between feeders. 

The line arresters had, however, in the meiuittme lieen care- 
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fully watched, and after every storm the tell-tale jiapers were 
collected and found to be perforated with a greatei- or less num¬ 
ber of small holes, each hole being slightly discolored around the 
edges. 

The sensitiveness of these condenser arresters was particularly 
noticeable, in that the tell-tale papei-s were found to beininctnred 
at the slightest provocation, when in fact no consideralde thunder 
storm had passed over the lines, and yet, sensitive as they \rere 
to slight charges on the line, it is remarkable to note that the sim¬ 
ple carbon spark gaps belonging to the local company, Mdjich have 
already been mentioned, and which provided a gap I inch between 
electrodes, frequently received discharges in preference to the 
minute spark gap of a neighboring condenser line arrester. Such 
occurrences coupled witli many otliers of a similar nature point 
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Fig. 31. 

to the existence of nodal points, and the necessity of distributing 
line arresters at frequent intervals over tlie system. 

In fact a lightning arrester connected directly to the terminals 
of a generator or motor offers no absolute guarantee of protection 
to this particular piece of appai-atus. The presence of the arres¬ 
ter simply offers an opportunity for discharge. The diselmrge 
may occur in the armature, or it may occur through the arrester^ 
according to the particular conditions existing at the time of each 
discharge. The arrester could have a comparatively large spark 
gap, and the breaking down strain of the armature insulation be 
low, and still the discharge might prefer the large gap to the 
weaker insulation, while on the other hand the arrester could 
have a very small spark gap and the armature be provided with 
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the Iiiarhest iiTudc of insulation, vot in some cases tliis insulation 
would be pierced by tile discluirgc in prcrerence to tbe siniill 
spark gap of the neighburing arrester. A .striking exanijde of 
this possibility is illustrated in Fig. a is a tyi>e of strain-wire 
insulator which is ordinarily capiibleof witlistiuiding from 
to 20,000 volts. H shows a wire connecting an overliead return 
to the ground wire return. The distance between wire n and the 
iron hoop holding the strain wire is about on<» incdi. During a 
violent thunder storm the insulator a was puncture<l by a dis¬ 
charge wliieh passed from the tndhy wire through tln» insulator 



to the iron hoop, and them?e across the onedncli nir space to the? 
grounded wire b, and tins very high ohinm resistance jiath was 
taken in preference to a neighlKudng line arrester having a sinull 
spark gap. Had an arrester hecn connected at tliis jaiint, there 
is no question but that the arrester would have taken the dis¬ 
charge, but by reason of the nodal points whicdi anAiwined along 
the line by the electric surgings, a lightning arrester 100 yards 
away, although it is liable to take a large pro|K>itioii of the dis« 
charges, does not by any means olTer an abB(.dute guanintee of 
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protection to a neighboring piece of apparatus. A lai'ge number 
of line arresters, that is, a large number of opportunities for dis- 
oharge, is the surest means of securing efficient protection. 

The results obtained with these condenser arresters have ex¬ 
ceeded my expectations, and in my opinion liave thrown consid¬ 
erable light on the intensity and volume of discharges commonly 
found in electric light and power circuits. During my two 
months’ stay in Denver not a single condenser was disabled, nor 
were any of the tell-tale papers burned. I have witli me a few 
of these perforated papers which T shall be glad to have yon 
inspect. I was not present in Denver after the burned out spark 
gaps in the station had been replaced, and am therefore not in 

possession of any further data from that source. But, in Colorado 
Springs, where I spent the next following six weeks, I connected 

three of these condenser arresters in the station of the Colorado 



Fig. 


Springs Rapid Transit Railway Company, and w^as treated to 
many violent thunder storms, through all of which, tliese arresters 
showed a wonderful capacity for repeatedly and rapidly discharg¬ 
ing the line. Through many of these storms the discharges 
passed the sj^ark gaps as many as twenty tiines a minute, com¬ 
pletely riddling the tell-tale papers. 

I may, therefore, say with emphasis, that tlie condenser light¬ 
ning arrester has proved itself most efficient in points of sensi¬ 
tiveness, durability and general reliability. In actual service it 
has demonstrated the successful construction of a truly discrimi¬ 
nating direct emrent lightning arrester. 

The Non-Aremg Railway Lightning Arrester ,—I have, how- 
'ever, designed a lightning arrester which is much smaller, 

•cheaper and, perhaps, in every^ way more desirable than the 
condenser arrester. It is also a discriminating lightning arrester^ 


* 
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I ]iad frequently noticed what is |)rubably familiar to many of 
you, namely, that a disruptive discharge will leaj) over anon- 
conducting surface much more readily tlian through an e(pial air 
space. The non-conducting surface seems t(» form an entering 
wedge, as it were, through the air, so that this l>eing already 
partly split or ruptured, the <lischarge has but to further sepa¬ 
rate the air from the non-(*onducting surfa<*e instead of boring 
its own path through it. A i>en<dl mark oxun- a rough piece of 
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glass or unpolished marble still further reduces the liroaking 
down strain. 

But, to avail myself of tliis fact in the <*.oustructiori of a Hgld- 
ning arrester was a problem over wliitdi I |>ondered for some 
time. My design was to bring electrodes located in a discharge 
surface, near enough together to form a lightning arrester spark 
gap, and at the same time to avoid the passage of dynamo cur¬ 
rent when the electrodes were connectetl to tlie terminals of a 
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SOO-volt direct current generator. I reasoned that a dynamo arc 
to be maintained must be fed by the vapors of its electi’odes. 
To prevent an arc, the formation of such vapors must be sup¬ 
pressed. My first attempt in this direction proved successful. 
I drew a pencil mark about two inches long over an unpolished 
piece of marble, covered this with a second piece similar to the 
&st, and, having previously slipped between the two marbles, 
pieces of aluminium foil as terminals to the pencil mark, I bound 
the whole together with twine. These terminals were now 
connected to the terminals of a five hundred-volt direct 
current generator and disruptive discharges caused to pass be- 



Fig. 35. 

tween the marbles and over the pencil mark. A one-ampere 
fuse was connected in the dynamo circuit. No current follow¬ 
ing these discharges, the terminal foils were brought successively 
nearer together, testing each time for the passage of dyname 
current. When the electrodes had reached a distance of a quar¬ 
ter of an inch from each other, the fuse was blown. The termi¬ 
nals were now placed a half-inch apart, and oft repeated tests- 
failed to establish a short-circuit. The dynamo was now cut out 
and upon resting my hand on the upper marble, while the dis¬ 
charges were still passing, I noticed a considerable mechanical 
shock, and when the twine was removed, the upper block was. 
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thrown off. In consequence of this, it seemed advisable to pru- 
vn’de more space for tlie discharge. A small groove was, there¬ 
fore, cut in the lower marble from one ele<*trode to tlie other, 
and well blackened with a lead pencil mark. 1 )isciiarges now 
failed to produce the al)Ove mentioned mi*cbanical shock, or to 
throw off* the cover. It was, however notice<l, that after several 
discharges had passed, this pencil mark disappeared, having l>een 
dissipated and ai)parently scattere<l i>ver the surfaces i>f the two 
marbles. To overcome this dilliculty a piece of wood was laid 
into the lower marble between the electrodes, and intt» this a 
shallow groove was burned. This (auistructiori, whicdi is shown 
in Fig. BO, seemed to ])ossess sonu* advaidages over tin* one al¬ 
ready described—it suggested more lasting qualities. Various 
materials were now tested into which (me or nnu’e discharge 
grooves miglit 1)0 l)urned, such as fiber, felt, leather, ivory, box¬ 
wood, celluloid and others, hut most of tlu'se proved uusatisfac- 
tory for various reasons. With fiber, the charred surfa(*e was 
quickly worn away, ivory (ddp[)ed off in small j)ie(fes, liotli 
leather and felt (ummbled away. Lignum vitm, however, |>roved 
to be a most excellent material. In the final form adopted for 
this arrester, both upper and h»wer lilocks were maih* of this 
material, thus enabling the discliarge grooves to b<* Imrned into 
the lower block itself, and avoiding the m‘cessity of inserting a 
discharge piece between tlu*. metal eh^(*trod<*s. I'his arrester for 
station use, is illuHtruted in Figure ; for line ust^ in Figure 
Tlie blocks are ^ inebes wide by rb| inches long and I inch 
thick. Two Inuss electrodes ea(di 1 imdi wide are laid into the 
lower block, flush witli its surface, the distanci^ between (dec- 
trodes being ^ inch. Tlie charred grooves are nine in number, 
^nd about incdi wide liy inch d(a:q>. 

Another and more simple form of tliis arrester was also con¬ 
structed. A bole was liored through a solid block of marble, the 

center of wliieh was then tilled with a (ndindricail block of hard 

•' 

maple, having grooves burned in on the sides. Solid lirass cyliie 
•drical electrodes were then insmded in iutlier end, making a snug 
tit. But in practice, these marbles were in many cases split open 
by the expansive force of tlie discliarge, ihm demonstrating the 
necessity of the vent wliich is obtained liy clamping two surfaces 
together, and between which the disidmrges may pass. 

This device, like the condenser arre^ster, constitutes a strictly 
discriminating lightning arrester. In regard to its action I have 
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been asked why a discharge should find an easier passage across 
a conducting film, than through a non-inductive conductor hav¬ 
ing the same ohmic resistance as the conducting film. My con¬ 
ception of the case is as follows: When a discharge passes 
throufi-h a conductor of more or less ohmic resistance the time 
of discharge is considerable, there is a great strain from all parts 
of the charged surfaces during the time of passage, and there 
will be a tendency to discharge or “ side flash ” along paths nor¬ 
mal to the conductor. The passage of the discharge may be 
likened to the passage of tangible matter through a dense fluid 
—there is a gradual yielding of the opposing resistance, but noth¬ 
ing is broken. When, however, a discharge passes over a 
conducting film as described, there is a sudden breaking down or 
giving way of the dielectric, and this is aided by the presence of 
the conducting fllin. The film, however, does not act in the 
sense of what is commonly called an electric conductor, but as a 
wedge, splitting the dielectric preparatory to the j)assage of tlie 
disruptive discharge. 

The difference between these two cases is very clearly illus¬ 
trated by the discharge of a Leyden jar provided witli a pith 
ball electrometer. Take the arrangement sliown in Fig. 27: 
■while the machine is charging the batteiy of jars, tlie increasing 
charge can be obsei-ved by the deflection of the pith ball, until 
Anally a disruptive discharge takes place across the arrester or 
spark gap a, and the pith ball is seen to fall back suddenly, in¬ 
dicating in this manner complete discharge. If, however, the 
gap A be removed and the dischai-ge be caused to pass either 
through the inductive coil c, or in its stead a non-inductive high 
ohmic resistance, the pith ball at the moment of discharge will 
fall part way only, indicating thereby an incomplete discharge. 
The somid of the discharge in the latter case is also very diffe- 
I'ent from that in the former—it is more like a thud, suggesting 
opposition to the passage, whereas in the former case the sound 
is that of a crack, indicating something instantaneous and com¬ 
plete. 

The non-arcing property of the arrester is easily understood; 
the conducting vapors which are necessary to the formation and 
maintenance of a dynamo are are suppressed by the cover which 
flts t^htly over the metal electrodes. In Fig. 28 the arrester is- 
seen in operation. The terminals of the arrester are connected 
to the terminals of a oOO-volt direct current generator. The 
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cover is of glass so tliat tlie discliarges may be seen. In tlie 
upper part of the figure, five 100-volt lamps in series indicate the 
(Ivnamo pressure ; just below this and to the left is a long hori¬ 
zontal r)-am])ere fuse; to the left of the arrester is a spiral choke 
coil conueeted in the dynamo circuit, and interposed between the 
arrester and tlu^ generator. This coil is very similar to those 
which 1 used in my Colorado experiments. The disruptive dis¬ 
charges immediately below the arrester, represent the means used 
for suddenly charging the dynamo circuit. The discharges 
across the arrester are distinctly seen througli the glass cover. 
When, however, this cover is removed, tlie first discharge estab¬ 
lishes a short-circuit and the fuse is instantly lilown, as seen in 

Fig. 

The relative ease witli which a discharge will leap over such 
a surface in pveference to a few turns of large copper wire, is 
illustrated in Fig. whudi is taken from a photograph. Fig. 
HI shows the arrangement of the apparatus more clearly, a is 
an arrester such as I have been describing and is provided with a 
clear glass <*over so that the discharges may be seen, o is a choke 
<*oil connecte<l in parallel to a, it is lf> inches in diameter and lias 
17 turns of No. copper wire. Discharges from a battery of 
Leyden jars invariably pass at a in preference to the path c, as 
shown in the |)hotograph. 

A thorough test of these arresters has Been made in liotb Den¬ 
ver and (kilonulo Springs during the past summer. Fig. H2 rep¬ 
resents the e<jui|Hnent used in Denver. Tliere wore ten feeders, 
each fee<ler being provided with three arresters placed three feet 
apart. These are indicated at 1, 2 and H. The object of using 
three ai’resters to each feeder was to avoid nodal points, s rep¬ 
resents the circnlt.-breakors ; t is a tank arrester; s 1. the dis¬ 
charge circuits of the tank arrester ami 4 representB spark gaps 
in these discharge circuits. None of tluj arresters were provided 
with tell-tale papers, and although they were carefully watclied 
during thunder storms, no indications were observed of passing 


ara:es. After the first storm following their installation the 
writer removed the covers of the upper ten, and of these, six 
showed marks of discharge; the remaining twenty were con¬ 
structed on the solid marlile ’’ pattern and were consequently 
difficult and unsatisfactory to inspect. One of the tipper ten 
arresters was subsequently dismounted and photographed, and 
Fig. HH is an excellent copy clearly showing tlie smudge formed 
by the discharge over the maride sttriBces. 
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The only mishap which occurred to any of these arresters was 
the explosion of one of the “solid marble” type. No experi¬ 
mental line arresters of this type were used on the Denver 
plant. In Colorado Springs, however, 25 were installed on the line 
and 24 in the station. Some of these were of the divided hind 
(see Fig. 25), others of the solid marble pattern. Nearly all of 
the latter were split open by the discharges, while of the former 
none was damaged in the slightest degree. One of the line 
arresters was provided with three connections to one feeder, with 
a spark gap and tell-tale paper in each discharge circuit. This 
arrangement is shown in Fig. 34. The connections to the feeder 
were made about two feet apart. After thunder storms each 
tell-tale paper was found to be perforated, but whether the dis¬ 
charges occurred simultaneously or successively is not known. 
The perforations shown in Fig. 35, were taken from this arrester. 

This non-arcing railway lightning arrester is eminently suited 
for the protection of direct current circuits up to 1,000 volts. 
On 1,000-volt alternating current circuits from smooth body 
armatures it also operates satisfactorily, but on similar circuits 
from toothed body armatures, the arresters break down after a 
few discharges, and a short-circuit is established. However, it 
is not impossible that two or three of these arresters might not be 
used to good advantage in series, on circuits of high potential. 

The especial advantages of this arrester may now be summed 
up as follows: 

1. It offers a direct and non-inductive path to earth. 

2. It is absolutely non-arcing and consequently recpires no 
attention after being once properly installed. 

3. It has no moving parts and there is nothing about it to get 
out of order. 

4. It is small, and therefore easily installed under a car. 

5. It is cheap, and can therefore be used in large numbers on 
the line, on the cars, and in the station. 

6. Its non-arcing property avoids danger from tire, which prop¬ 
erty also ensures the non-interruption of the system due to 
blowing of fuses and constant throwing of the circuit-breakers. 

7. Its simplicity and reliability will commend it to every one. 

In my closing remarks I wish to answer the now old and oft 

repeated question “ How many, and what kind of arresters would 
you advise us to use on our line ? ” as follows: The proper num¬ 
ber of line arresters, is that number which will prevent discharges 
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from enterin'*; tlie stiition. Stati'm arre.sters, if u.'^ed at all, 
'slioulcl be installed witli the one idea of j)rovidiiig a final oppor¬ 
tunity for disebaroe, but as the ttuidency to diseliar-^o oeenr.s on 
the line, often several miles away from tlu* station, a sullieient 
opportunity should lie provided Z/ir/r wliere tlie tondeney to dis¬ 
charge originate.s, and in this inanuer advantage may be taken of 
the large inductive resistaiiee alTordetl by the circuits le.ading 
back to the station. If discharges enter tlie station it is a sure 
indication that they have <lone so for lack of sullieient opportu¬ 
nity to discharge from the line -for lack of a .sutiicient number 
of line arresters. 

It is well to protect dynamos with lightning arresters—it is 
better to avoid tlie necessity of this proteidion by discharging the 
line. 

It is even well to use a lightning arrester having a circuit 
interrupting attachment. It is better to avoid the necessity of a 
circuit interrupting attachment by using a. non-arcing arre.ster. 
In fact— 

An nuiKM* nf Ion is nlwnys 

limn a |ionn<l of iMtn*. 
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jVIk. Joseph Saohs :—Mr. President, I would like to ask Mr. 
Wurts if lie has ever tried the choke coils without the arresters 
upon the comparatively low potential circuits in (k)lorado; and 
whether the action upon a low potential circuit would not have 
been just the same as tlie proposed action on a higdi [lotential— 
that is, leaving out the arresters altogether and only using choke 
coils on the line. 

Mr. WuETs:—I have not made any such experiments, hut 
should expect to find the action of these coils the same on a low 
potential system as on a high potential system. On a. low poten¬ 
tial circuit, however, tlie insulation of the a[>paratus being in¬ 
ferior to that found on a high j)(>tential circuit, it is possible that 
a system of choke coils might not sutticiently [)rotect the arma¬ 
tures andother translating devices from the electric* strains, which 
would be set up by the surgiiigs. In other words, it is expected 
that with very high jiotential systems, sn(*h as are now being 
talked of in connection with longdistance transmission, the surg- 
ings may be broken up and rendere<l harmless to the very high 
grade of insulation which would be use<l in su<*h systems. On 
the other hand, with low potential systems, it might he tliat the 
number of clioke coils found necessary for eflicient [irotection 
would l)e prohilntive. I'liis system of protecti(m seems to he 
more particularly adapted to long distan(*e {xovan* transmission 
circuits, wliere there are no translating devi(fes intervening be¬ 
tween the extremities of the system. Referring to my tests with 
a combination of choke coils and spark ga|) discharge ciiHUiits, it 
is interesting to compare the results which I obtained in Tellu- 
ride and in Denver. In Telluride I used four choke (M)ils with 
most satisfactory results. In Denver I used two <M)ils, ami found 
tliat tliese did not altogether ju’otect lightning arresters which 
were connected nearer tlie dynamo, and these results, obtained in 
Denver with two clioke coils, were verifieil by the results ob¬ 
tained in Telluride with four cJioke coils, inasnmch as with the 
four coils in series, some of the discharges reaidied the third and 
fourth discharge circuits; that is, [lassefl beyond the first, second 
and third coils. 

Mii. Saohs: —It would seem to me, that if we had enough 
choke coilB in the line, the effect of the disruptive discharge 
could be chopped down so low that it would not do any harm to 
the insulation of the machine at all, and that thei’e would not be 
potential enough to jump any gaps, vis 1 understand the theory 
of the use of the choke coil used here, it simply acjts as a butfer 
against the discharj^e. The discliarge comes along and strikes 
the buffer; part of it passes on, and the part that passeB on is 
very much less than that wliieli initially strack the buffer, and 
so on until you get practically a very small amount. Now, if 
you went on far enough and had clioke coils enough, you would 
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<retdowii to an amount that would not hurt vour armature at 
Si. Yon would get down to practicallv nothing, ainl in a eaKe 
like that, yon would not need any spark gap whatsoever. But 
another (liiestion arises ; the use of these various indnetanees m 
di7lh.e upon a system of alternating eurrents wo.dd, in .r>y 
jnind have some elfeet, i)erhaps very small, u])on the line, and 
the question 1 thiid< to lie <leei<led would lie, what the relation 
would lie between the point where you got no discharge, hy 
putting in enough choke coils, and the effect upon the impeilance 

of the line. r 

Mk. Wurts;—1 have not tested in pnietici- tins systmn of pro¬ 
tection against lightning discharges, but am hopeful that such a_ 
system will prove suece.ssful. In regard to the .self-induction ot 
tiiese choke coils, 1 do not think that they will interfere .seriously 
with the operation of an alternating current sy.stem at or 

even at alternations per mimite, becau.se no iron core is 

used and the number of turns is small, lieferring to my pajier, 
it will be noticed that 1 employ oidy seventeen turns. 

Mr. Saous ;—The point, however, w<iuld be, if the 17 turns 
were niultijilied hv the numher of ciioke coifs, you would have 
that nianv more turn.s, that is, if you put in enough choke coils 
to kill your discharge tmtirely. \‘our 17 turns might in<-ri‘ase to 
ffve, si.x, seven and' eight, etc., times 17. In referenci- to the 
iron, it would appear to me that if the iron core coidd he lami¬ 
nated and insulated to a v(*ry tine point so that the inducted cm- 
rents in this secondary were hrought ilown to a very .small 
current, that your iron would really help along the impedance of 
the choke coil. The actual results that you ohtaiij now, would 
appear to me inferior, hecause tin- iron is not sufficiently lami¬ 
nated and insulated, ami the eurrents set ui» in the iron bring 
down tlie imluction in your primary, ami, therefore tlie re.sulf is 
not as good as without'the iron. If, however, your iron wires 
could he made sufficiently small, and insulateil .so that the cur¬ 
rent induced therein wouhl la* inhuite.simal, why, then, 1 should 
think tliat the iron woidd actually help you. It may lie, how¬ 
ever, that this cannot be [iraetii'ally attained on a«-<'ount ol the 
very high jiotential induee<l in tin* core, and the neiHi^sity, there¬ 
fore, of e.xrremelv small and well insulateil wire.s. 

Mr. Wm. Htani.kv I have been greatly interested in this 
paper, paificuhniy becau.se of the logical demonstration that Mr. 
Wurts has given us. It seems as thougli the |«iper were one 
continuous line of loghial rtiasoning from one end to the other. 
It seems to me that he has shown to us more new and interest¬ 
ing e.xperimeuts xvitli lightning di.schar^es than we have ever 
known before. The suhjeet of lightning disidiarges must he 
viewed from the lightning disi-hurge standpoint. In working 
with lightning discharges we are not using alteTiiathig currents 
that we know very nuicli about. We am familiar with currents 
of, perhaps, 7."> periods, or something of that sort, hut the light- 
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ning discharge (nirreiits are nf eje»rait»;i>. frfe|at'{a‘\. i if 
it is true that with the enlinarv i‘re<|i{rricv rise >»'!!’intlie-fiuH uf 
the coil would be iiierea.sed by windiiiu' “ti ir afidirturns of 
wire, or by adding to it an iroti enn*. Ibn if tlo’ fn’«|Urnev bo in¬ 
creased id or 50 or lOO times, the irun tuny bi* ♦*.ei 4den»d 
consisting of iron wires 10, 5o, or Ion tine- I'arMri*. In Mthor 
words, the local cnrrentsiii tlH‘>e imit wire> an’ |h, 5n,ur jou times 
more important, and the self-itHln<*ti*m *0' tire i-Mil m;i\ bi* lary-elv 
impaired by the f()neaiilt serii>. It >eefM> Im !m% teovt vor That 
Mr. Wnrts might have given ns a little t*lfarer ^tatmuont retrard- 
ing the discriminating pro|H‘riies of iljo apparatn- i»n 
It is a charming <liagrani to me, for the arrattiremen? that 

each one of these by-paths is tuned to a parfionlar rate of alter¬ 
nation; that if the lightning diseharge br-^nrtiifut' the line 
the first by-patli will'be timed by it-spark gap, ^o!t imlmlion 
and capacity, to one fiaapieney of the tli-ebaige, tin- ^t'eoml n> 
another frequency, the third Vo another fivqm-jao : and, m> if 
.seems to me, Mr.’W arts takt‘> through i-aeb *me’ ».f tiiioo by.* 
path spark gaps, a certain amount of tlo/ ili^eharea* <mrren*t. 
That is to say, he takes the surging eiirreiif and qiiir- it up infn 
a number of different fr<M|neney enrrents ami ihon i*arriev eaeb 
of them olf to the ground in its parfieiilar path, if | oiirnH*tlv 
niiderstand the diagram. 

The self-induction induced inf., the line by the ehnkr coil 
piactically amounts to nothing, I havr* nru ealenlated it, but I 
should imagine it would la* <in the eoil slMe*\ n, iierhap,-, a e»»in>le 
of volts with 50 or flO amperes of eurrent pa.dmr or Mmiotldm. 
of that sort, witli the ordinary frequeiiev of treriods ami the 
selt-inductive k. m. f. with a Idgli [jotemiM! >v.iem of three or 
lour thousand volts would amount to nothing at all. 

Anothei* point that interesttai me partieularlv was the ♦iiu*»‘min 
at page d;>5. I do not think fimt the straighV iim... itrawn on 
that diagram, are a fair expi^sitiun of Mr. Wurfs' work, for iliev 
seem to show that oniMmuId wind a ehoke eoil, adding turns to 
it and increase the seH-imltiction of the coil ui» to neertuiu noiiit 

and then that the scdf-indufdhni ciinlfl mu bo further inereased 

^ It‘^hows rhaf tliut knee at the top of 

self SwtrT 1■'*» 

Mr. Wukts;— 11,hmk it in to u xlif'lif ostoiit. 

the lesulte, then we have a .sitnmtion for .tie. If ihe curved 

we iwve. 1 think, the ordh 
I would liket., a-k Mr. Wnrts one 

wiT'Aia nn 1 .1 , ; N* iustelid f»f putting mv 

aeroundabwe'iilVl’ "Ver tov wires, and wtriing 

agioundabovc my line,gmundin^r it every {«.Ie ..r two; and ob- 
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tained very satistac'turv results. \\ t* Itatl um tn»uldi‘ \v}iatt‘ver. 
Now, is it iu>t trut* that in tlii> part of the i-oinifrv, leaving’ i)ul 
of (‘()usidt‘ralion ('oloratlo and liiuh altitinh^s, i> if not true that 
very exeelleiit rt‘sults in Hue pronauion may be otuained bv sim¬ 
ply striiiii’iuif wire abt>ve^ the line, and so ionnitiu’ a belt of 
earth |)otential abovi* the wirt? wiilnuif any t’miiier apparatus. 

Mr. Winrrs:.I eaiinot say fliat I have had any eonsidiuafde 

experience with the use of overhead uround wines as a iiHNansi f 
pn^teetiifijr aerial lines against iiii’htuiuu:. i am, however, familiar 
with the results obtaintal in two plaees: one on Siatiai I.'^iand, 
when^ the oV(*rhe;id tfround wire has iHa-n tise«l sueet'-sfullv; the 
otlier at Tellnride, where it lias proved a tt*ial failure. I’pon 
uuikinii,' iin{urit‘s at t!u» StatiUi Island plant. I leartual that prev- 
ions to tin* use of th(* ovi*rhead li'rouiid wire, tii-eh:tre:e> enti^reel 
the station fn»<|Uefilly and with violeiua*, Imt that after the (Oet- 
head wire bad been ereiUeil, altlmuiirh the diH*bariLre> eentitnuMl 
to enter tin* statinrn tin/y wen* h>s fre<{uent ttnd nmt*h less 
violent. In d'elluride the ioerlu'ad around win^ failed; tin* 
reason may possildy be tins; If the wires In-eome ehara^ed, as I 
ani inelined to Indit'Ve they do, by etmtaer with the surnuniditiijr 
cliaru;<Ml atmosphere,and if the wimi l»e blowintr at'ross the haurtli 
of the wires, then b<uh win-s will tmid to drain tlie ainn»sphere 
of its eharut*, but tlie drained portitui of the aimo^pbere !a h-no- 
iui*; b> ea(*li wire will liave a ero>- .seetinii in the shape eU’a wedma 
the din‘etion of the wed 

ILL ^ * beitm that t*f the wind and nmre or 
less liori/.onlal, so that tin* draiiieit piu'tieuj of tin* atunephere 
caused by tin* overhead ground win* will fail inelu<le the eiee 
trie wire. If a eharited atmo;-plH*n* tie kept raj^idly moving’ over 
a well-iiisulated eleiUrie wire, it is |irobabIe that the i*bar!jinw 
from the {ttniosph(*re will exeeed tin* !os«- tliie to b akaoe. 

Alt;. ^ iiAiiU'ts linwri'i n Sonn*yi*ars aj/o the f‘ali>oti eompiiiiii's 
nunlo exp(u*ituents with overtiead trroumied wires, usinir (hem as 
^uard wires, 'rhey were put u}> primarily a.- irttard wires, luit 
the intention afterwanls beeann* to um' trn*!u also as 
protectors, arid a ccriuiu uvufleman fouk out a |*nti*nt, usiuu’ a 
barbed wire, similar to barlied fence wire, in the bojH*, i suppose, 
that the points ot the harhs would pif»k the current out of flu* 
air ami carry it olT. Mr. \V. d. detiks ha> eivcu a o-omiI ileat id 
stmiy, 1 thitdv, fo that Vi‘rv ijuestion. I hope in* will ;^av soune 
thiiio* lietore the disc:i?v,^inu clem>. | would like to ask Air, 
Wurts, howev'cr, whether it is uecesstirv to eoiiiit*f*t a liohtnitei 
arrester to each one of tln*si* coils on \m^v dll. Wiial Would he 
the elh*(*t ot <*onue(»f iut^, to say otie arrt'ste*r, conuecliuif one ar¬ 
rester between t^aeli rViilf We have hen* in lliifadefphiu, on 
the traction eompany's plant, not only tin* ♦|Uestiori of protect- 
generators, luif the ij nest ion of jirotectma a ^rcat manv 
miles ot valuuhle h*ad cahtc, which is ♦|iiife as inijiortant, if mtf 
more iiufmrtant than the ijiicstion iif treuerators, ainl the lU’ohlem 
is simply this: Wc have luiles of hnui euhle cornirm oi!r of tin* 
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ground, say, at one or two points. On one traction company’s 
line we have a cable coming out at four points, but that is un¬ 
usual. Most of the cables come out at two points. As I under¬ 
stand the problem from Mr. Wurts’ paper, we iimst get tlie 
lightning arresters between the trolley and that cable if we want 
to protect it. I may be mistaken about this. It may be we can 
pl^e our lightning arresters on the poles along the trolley line 
and in that way avoid these nodal jioints; but it seems to me 
that it will be necessary for us to get our liglitning arresters in 
betw^n the cable and the_ trolley wire. Lr that case we would 
need four coils and four lightning arresters on one pole, and on 
an iron pole it would be quite unsightly and a rather difficult 
thing t ojp ut up, as we haven’t much sfiace. 

Me. Wuets: I think tlie gentleman has correctly understood 
my ideas in this matter. If the system of protection, illustrated 
m hig. d, IS to be used, the spark gaps and choke coils must be 
connected between the trolley and the underground cable Ordi- 
nanly and with a reasonably high grade of insulation, I believe 
that eleetnc systems can be protected by a liberal disti-ibution 
of Jme arresters ; that is, a large miralier of opportunities for 
discharge^ sliould be provided, so many, in fact, that the few 
oppoifumties for discharge aiforded by the translating devices 
shall be small, in comparison witli the number provided by the 
lightning arresters. It is, however, well known that n'nder- 
ground cables are particularly sensitive to the electrical surgim^s 
set up dunng thunder storms, and that they are liable to be 
punctured, so that-where cables are to lie protected, 1 unhesitat- 
ingly recommend the use of four choke coils in series between 
the overhead and underground system, together with four liidit- 

in lellunde and in Denver have led me to believe that a fewer 

tiTnf f be insufficient. For the proper protec¬ 

tion of cables it may even be possible that hve or six coils M’ill 

lation which I protected m Telluride was of a very high <o'ade 
mimh liwlier than ^ ordinarily found in underground cabkw. 

Me. HEwiTT^What would be the effect of connecting the 
one arrester . Has it ever been tried? Or what would you sup¬ 
pose would be the effect ? ^' * 

woffid’ think the result would be that the discharges 

hsd T armature. In Telluride 1 

for ®f3®M®gether with four opportunities 

for dischaige, as indicated in Fig. 3, and as the maiority of dis- 

te tldokr^ff/r®® discharge circuit, it'is reLnalde 

^ +T.i d- ^ ®”^-y ®”® discharge circuit, manv 

discharges would have reached the generator. 

four coffs^^^””^ ’ opportunities ? You have 

Me. Wuets: Yes; I provided four opportunities for dis- 
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charge, hut 1 iiiidcrHtaiKl voiii- <juesti<ni to be: VV^hat would 
Jiappeii if only one op|)ortunit\' were piovided 
^ Me. IlKwrn-:—M^luit I inefiii i.s if tl.on* M-ero four coiL^ and 
those coils \vere (-onnected to one arrester, winit would l)e the 

w ‘ " by/”' got four oi)))ortunities^ 

Me Wueto 1 liat iirranfj:enient woidd j.rovide only one 
opportunity, and would at the same time sliort-eireuit theVl.oke 

Ov/ll 

Me. Sai'hs:-—I would like to ask .Mr. M’urts another (luestion 
with reierenee to the n-on wires. 1 would like to ask ihetlmr 
he tried various sizes of iron wires, and whether the iron wires 
were 111 intimate eontaet or insulated. 1 think the,se features 
make quite a iliftertmce. From what 1 <-ould .see of the wiilt’ 
they seemed to he of rather a fair size and not iiusulated froni’ 
one another. In referenee to the idea proposed hy Mr Mewitt 
it wotild appear to nm that if yini had choke coils eiiomd, to’ 
tone dovvn the potential of the lightning <li.scharge .sufficiently 

•n”ii' tilt' "ia<dulie and the first coil wi'.iild take cai-e 

uf all the li^htnini»‘ that would lx* loft. 

Me. UAREi.»mT0N ;—(laj)s are cheaper than choke coils audit 
has been niy practice, covering the last four yeans, to u.se’a Im-o 
iiumhei of gaps plaeeil at many iiiteryals on the line. In fieri 
place tliein at every ta|) of the feeders to the trolley wire.s and 
use the ordinary spark s|)ace with a fuse wire in .series with it I 

tl%^metho(T'' at the station using 

Me. WuETs:--Referring to th<> matter of introducing an iron 
core into these choke coiks, the k. m. k. j.er foot of wiia- in I e 
coil IS so high, that no matter how linely sul.-divideil the iron 
may be, discharges will take place between the iron narticles 
unless, of coiirs-j, these he thoroughly insulated from eacli S,en 
The bundle of iron wires I have used as a core, is not tnade of 

bhow, imnidy, that secoudary cuirrents arc set up, and that 
these secondary currents caus(> the coil to offer less ilsistaiu'e to 

dusKf^T if -‘‘ Ifr. Lodge has shown'con- 

elubiveh, 1 think, that the mere presence of iron in a coil docs 

not at all aftect the re.sistance of that coil to the passage of dis- 

«xi«!i-iments were made In- usfrig a very 
suli-divided iron core boiled in jianiffin. ‘ • 

..Me. a. E. Kk.nnki.i.y : -There are so many points of interest 
in this paper that one can scarcely do justice'fo it on first perm 

iaHrm b v ^ * i^’ »Hiportant hearing upon tlioir appli- 

t i(ie miw hefotc fwith such dioke coils as 
tiiose now befoie us, and where he is e.v|Hirimenting noon tlic 

number of turns that are desirable to produce the best etfeci 

and he savs he lifts fmn/i n., _i‘i.i 4 • ' i 

t the im])edance does 
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not continuously increase with the number of turns. Diairrams 
are then pven on page 355 to supplement that view. ° The 
method of testing is a very ingenious and a very pretty one 
iiut 1 think he mea,ns impedance there, in the practical sense of 
what takes place in that particular circuit under the particular con- 
ditions, and he does not mean that the impedance of the coil as 

continuously increase. I 
think there is no question that the impedance, as measured in 
ohms of such a ^t coil, would very continuously and very 
markedly rise, as the number of turns was continuously increased 
upon the outer edge; but the experiments seem to show con¬ 
clusively that the practical impedance, or that the effect of 
arresting the discharge through them, did not appreciably in- 
crease with the electncal impedance of the coil beyond a certain 
point; that is to say, the sparks approached a certain ultimate 
rate by an approximately straight line. Of course, we mi<^ht 
expect that if the conditions of the experiment had been varied 
if the Leyden lar had been altered in size, or if the resistance 

fn the Leyden jar had been altered 

m any way, that that condition of practical impedance mio-ht 
have been affected, and it would be interesting to know how ‘Jar 
those changes were attempted or carried out by Mr Wurts 
Secondly, 1 differ from Mr. Wurts in his viL concerning the 
reflecting points on such wires carrying currents, for power or 
other .purposes If 1 understand the matter correctly, C any 
ectncal impulse, whether it be a discharging impulse at very 
hi h pressure from a lightning disturbance, or whether it be a 
telegraphic signal, or whether it be an alternating current, what- 
ever the impulse .may be, it must travel continuously alone to 
the end of that wire, unless it is met by some change or want of 
uniformity in the wire itself; a chang^ in the size^ of the wirf 

.Ulsertion of some resistance or apparatus • 
if there is no discontinuity in the wire, no change in its raiform- 
> the wave must, unless totally absorbed, run on until it 
re^hes the terminal and be reflected there, and that when it is 
reflected there, if I understand the matter correct therTis no 
pibng up of pressure in the act of reflection. We know that 
when water is running through a pipe and is arrested at the end 
of the pipe in the manner mentioned by Mr. Wurts that an 
accession of momentum is reached at the ehd, and that the stress 
of the walls of the pijie at a closed end may be very consider¬ 
able, but since electricity is not matter and cannot posses inertia 
and the reflection of an electric wave does not, therefore em- 
body the idea or effect of inertia, there ought to be, if I under- 

o?”the^Ld tlie insulation 

o ^ intermediate point. 

On that account I should interpret the results as due to the effect 

of the combination of a great number of wave systems and 
where these waves are superimposed upon one another at differ- 
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ent parts of the In.o, then- erests will meet at s,„ae „lrtc.o.s •u„l 

oppose at o hew places, ami wl.ere thev hapi.en f. eoi, ' rVl - 
pressure will he superposed, and tho,4. AIr;\ ' s h ^ 

think in mind, wlien lie siieaks of retleetin.r ,v.lnt' i • i • 
be called anti-nodes, because at the nmle:- ;[ 

absence of jiressure. »oimi oe an 

. One point inentioncl bv Mr. Wnrts, which is a very intere . 
ing oiie istha that particular line in (b.h.rado iti s, L f 
fact tliat they have an overhead wire erected f.o- tii ^ i 

presunie, of carrying.df electrical .listurbances fn! n'lhdEo 
failed to be])rofecte(l thi-reby, and it was necessary ie a V’. 
some of these interesting remedies here in order t ' ^ i ' I’J’ •' 

pmtectio,,. It is ti,„ & 

influence of an overhead wire heimr insuflicient f< r il ' " 
of lightning protection. 1 ha.l an on J 

stafetics last year from iliflcrent station.! this J>n!drv"m!T.d''^ 
in Europe, and m every case where an overhead wire' h' 1*"' 

aT?S'e^nmlT’wir‘‘"‘'’ 

as, loi e.viinplc, w here a power ciremt ran miderne ifl, t,.i ' i 

wires continuously all the distance.n./el a” t 

electric troubles from lightnimf were found in Vl„ ' '’•i 
tected. But, of .-ourse < 'olorado ! „ ! r ‘T”'""" J”'"- 

lightning, and .lischari; . • ei' .b 

cloud in the sky, ami no rule such as’ n 
ightnmg protection would ap[.iv to (-,don <1,. I' li'd' i'' 

overhead^ire, wk her it 

bow far it was’from the «-|mmt intervals, 

belief very flrnilv in mv mind il’* 

tioned, tbit an ovx>rhead win-, when 

adeipiate protection against lightning Fiirfiio,.,!! 

quite catch Mr. Wurts^dew tlktil 

due to picking up eleetrieitv fr..m the a ^ M, U^irf l' u- 
shows, from experimental evidence thaf ‘,.,.1. i ' k 
volts or so in prLsure couhi b< 

vicinity of an ordinary aerial condultor * * 

LViz,:;:!!* it t'" r.. 

than ]«) ,oltoat ,1,0 " 

alarmuiff proRSTife. Fiirthf'rmiiw. if #1 * * • * ***?i^f ih uii 

tlie apparatus continuouslv at one or both* enlfs^tl^^^^^ «‘n>ngdi 

be to cany off any charge so accHmiilnt‘d ^ " i will 

from lightning is i.o attl^V r 

upon the surface of the wire wl.iel 1 ^ elwrge 

when the original lifriitnim' disfiirlmi * suddenly liberated 

ncighborhpoiTpassi 

terized it, is released. So I should nm i * <‘bamc- 

the wind blowing over the surfaee If !t f«l'l>'»«e that 

any more liable ,r„„bio Ttho 'S^Z^ 
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perfectly quiet. At least if it is so, I do not know of any evi¬ 
dence to that effect 4 . xi. £ 

Mb. WuETs:--Mr. Kennelly has brought to the surface so 

many interesting points that 1 am at a loss where to begin, but 
first I wish to thank him for explaining so much more clearly 
than I was able to do the results of my experiments with choke 
coils as illustrated on page 365. 

In regard to the increased tension at the end of a wire, I would 
say, that I have obtained many of my ideas on this subject from 
Dr.^ Oliver Lodge, whose brilliant researches teem with novel 
and unexpected results. Dr. Lodge, distinctly states that he has 
found a much greater sparking distance at the ends of wires than 
at any intermediate point.^ 

The overhead ground wire at Telluride, as I remember it, was 
suspended three feet above the circuits to be protected. The 
circuits were run on either side of a single cross-arm and the 
ground wire was grounded at every other pole. The lengths of 
the circuits ranged from three to ten miles. The overhead wire 
was of course not connected to ground plates, which would be 
impracticable in a case of this kind, but ground connection was 
made by means of a bare galvanized iron wire run down the pole 
and then forced into the earth as far as possible. This was the 
method adopted by the system I referred to on Staten Island. 
There, according to their statement, the overhead ground wire 


1 . Pertinent to this matter of increased tension at the ends of wires, I quote 
from Dr. Oliver Lodge’s work on ** Lightning Conductors and Lightning 
Guards,” Chapter 10, under the sub-title **Experiment of the Recoil Kick” as 
follows; 

These electrical oscillations are of considerable interest, and have sundry 
practical bearings; let us proceed to make them more conspicuous. Fig. 35 



Piu. 85. 

S round the room (No. 18 wire 

in two 95-feei: lengths was actuaUy employed), insulated from one Mother and 
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^emed to work satisfactorily, but he're it proved, to mv certain 

.chJkecoHT'"''''''^'~^‘‘^ with that 

Me. Worts : I did, yes, but the ranj^e over which I wis able 
to work with my apparatus was so smali that 1 could detect ve^^w 
little difference in the results. When I increased my spark S 
to any considerable extent the dischai-Lms failed to iX dno 
the uneveldable leekege of ,„j- lines, ja™ 

I believe you asked me one other question. •‘ciime. 

IvihNNThLLY T—I til ink yoli liliVB CO veered it 
^ Mr. aTEiN-METzMr. Chairman and gentlemen 1 thinl- ;t 
M very gratifying to see how much progress we Jiave’made in the 
last years in the protection of our ellctric circuits from li-ht" r! 
from the old lightning rod, which was e.^pected to & tlfe’ 

kindness to take off a lightninti'dischar.nts L ilt,. * n 

imm-nverl fr....v,o ..T ij I ‘ *1 oisonaigch, to tile inoderii well 

impioveu 101 ms or Jightnin<y arresters. 

• ihe main difficulty we 'had to hdior under, and have still in 
protecting lines from lightning, is that we really know comnain 
tively little as to vdiat lightning k In the nlnie -Ti-Slml” 

nhenZeSa ilf‘/r electrical 

plienornena of the atmosphere, phenomena which act differentlv 

and consequently cann ot he^guilrdcd against by tl.e Lm^ 

discharge circuit, A,\l,e fisloinarv inaiumr "4 •irsau\pli,'ll’'’bv1h,l‘^^ V'' "*"T 
•discharger, n, can bo amiiimHl in lin’ihn. fi* * ” maker. A 

near the machine, as b, or tiboul ihthosi* oit^^ 

Now, of course, larks'^mi 1 h‘T lLt 1 <«• a(, the li«-cud, as 

and all about the same length• Iml siimKiiii.i'i i, '* h “’i '‘i 
than the b knobs, the spjvrk would lie cl-uccioil r*’ '' ^'"’1^ I'rought nearer 
^n trying the exVcriniim,,"^ fiilds iV. U Neveriheleas 

longer spark oeeui's at n; it is as it vi"n' 'iirei-ii Sed w/1 at a, a 

longest spark of all i.s obtainable at ( he far mid. {-1^. at ‘ 

•of mani^uhition,''th^B‘&^^^ temaiiwd'f ''fwaver, for omivciiionce 

tog.;.? . 1 . 

Nearest Spark length, a . ‘ion’ Air 

position. Corresfamding spark length, it... it a** a'ho 

Middle Spark length, A ... .. jZ .t,? 

position. Corresponding spark length, I,; :::: 3,33 fj;n „ 

when\‘*hM^tnteRttiodmig spS’aUl V’f ‘h® 

the recoil impulse or kick at the Lfitetion of the wavc™'^ ^ 

with S '".ir*'' 

myself with these curious and inieretor”^ ^ 1 

Dr Lodire Th» “ • interesting phenomena already pointed out by 

yiSagf Ld I ^ 

by i)r. Loiise 'but will «i ! “*? ^ *-^0 rosnlts obtained 

oy nr. nodge. but will also lay stress on some of the remarks I have already 
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First you have the direct lightning stroke: A disruptive dis¬ 
charge takes place between the cloud and the ground, and your 
electric circuit, or the power station, is in the direct path of the 
disruptive discharge. I am glad to agree with Mr. Wurts, that 
this is a very infrequent phenomena. I am inclined to think, 
however, that if it takes place, it matters little whether you are 
protected by lightning arresters or not; the only thing you can 
do is to trust in Providence and repair what is left of the station. 

But there is a second form of lightning, that is the return 
stroke or secondary stroke. If a lightning discharge takes place, 
or any other disruptive change in the electro-static condition of 
the atmosphere, its electro-static field is unbalanced, hence,, 
readjusts itself, and independent secondary lightning discharges 
take place everywhere in the denser part of the electro-static 
field. 

Whenever lightning strikes, in all conductors parallel to the 
stroke, secondary currents of very high potential are induced, 
which may do a lot of damage if not properly guarded against 
by lightning arresters. 

But there is still a third and very different form of lightning, 
which is frequently overlooked. Consider an electric trans- 

<5 


made in connection with the best means of protecting electrical apparatus from 
the damaging effects of electric discharges; 

*‘It is well known that disruptive discharges form nodal or neutral points 
along the line, and that at these points there will be little or no tendency to- 
discharge. If a single arrester be connected to the line it may, or may not^ 
discharge, according to circumstances; a certain discharge may take place 
across the arrester, or it may pierce the insulation of an armature, or it may 
even do both at the same time. In fact these nodal points are not fixed, but 



are constantly changing their positions. Referring to the accorapanyinr 
diagram, (Fig. 36), let a represent the terminals of an influence machine; j, a 
powerful battery of Leyden jars; b, a large spark gap; l, is a wire which may 
represent a trolley line; g, a second wire which may represent the ground; 
1, 2, 3, etc., up to 13, are of an inch spark gaps placed 12 inches apart and 
connected between wires l and g. These may represent as many lightning 
arresters connected to the line. The connections and distances are all clearly 
indicated. If now the influence machine, a, be set in motion, the battery, 
will become heavily charged, till finally a violent disruptive ^scharge will occur 
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mission line. With regard to lightning potentials, this line is 
eonnected with the earth, because there is no perfect insulation 
at these voltages. 

If, now, a thunder cloud whose potential is very different from 
the potential of the earth, moves over the ground, the cloud 
and the ground will form the two coatiims of a condenser, and 
tliereby, accumulate very high opp .site charges. As often as 
discharge takes place between a cloud and another cloud, or the 
ground, the cloud is suddenly discharged, and thus, the ground 
also. The charge of the line, however, which forms a part of 
ground, can not disappear suddenly, due to the high insulation 
between the line and the ground, and the difference of {lotential 
between lino atul ground thus suddenly rises enormously, the 
charge in the line not being balanced now by the opposite 
charge of the cloud. It is the same phenomenon as known from 
the electropliorus of the physical laboratory, where by withdraw¬ 
ing the charged metal cover from the resin plate, the potential of 
its charge is raised. 

Now, this phenomenon of a lightning stroke, due to the 
sudden release of the gradually accumulated electro-static charge 
in the line is l)y no means infrequent, and it is the case wlrere 


at B, ami thus .suddouly cdiarj,'*' (:liu liiif. t.. with a diffiuant pulviitiid from 
lino, G, so tliiit tluTC will now Iw a Ifiidifimy for a disi-uptivo ilisoliarfro to tako 
plaeo between lines l, and o, ami in fatM tlii.s diseliar};i! will pass al. one or more 
ol tlie spark gaps, 1, 3, .1, ele, ^rhese di.seiiarge.s oef*ur in a great variety of 
way.s, tlio following being a few examples: A single brilliant spark may pass 
at any one of tlie first ten ga|is. Two, lliree, and oeensioiially four simultaneous 
sparks, variously located, wdl pass lud wiam one and lelij soinel imes tiiese ot*eur 
at snceos.sive gajis, Imt tliey are more often .scattered. In .some inslanees the 
disehargos are of equal brillianey, in others one or two intense .sparks would 
pass one or two gaps, l,ogether with a inucil fainter distdiarge or scarcidy 
perceptible spit at any of tlie ol.her gaps included in tlie lirst. ten, A discliarge 
never occurs iwjross any of ( lie last llina! gaps, h’oiir of l lic lirst, ten gaps are 
tlien increased to i]] of an ineli, witli tlie result l.tiiit t he discliarge frisnieiitly 
selects one of tliese larger gaps in preference to any of the otliers. Oeeasiomilly, 
however, .sparks will jump one of the larger gaps, together with one or two of 
the smaller ones, and so an indefinite iniiiilaT of eombinai ioiis eari ho iiriKliiced 
with results emphatically demmisl rating that witli several sjairk gaps there is 
no certainty that t he discliarge will take phu'c iicmssany [tarticuliu oneof tliem. 

A A uf an inch gap is now coniiwited al 14, and with every discliarge at 
‘{'■iiy one of the hast ten gaps a faint, thread-like spark will pass "at 14. It can 
hardly be calleil a (hsriiptive discharge, and is not of .a cliaracter likelv to do 
(lamage. Tliis ininute spark is due to what Dr, liodge culls the “recoil kick,” 
umfc is, the electrify waves strike the ends «f the wire anil reeoil witii increased 
intensity. vV hen the j^ap at t4 is increased, these threiul-Iike sparks iieconic less 
frequent, till finally, when the. ^ap equals of an iiK'ji, they cease 
-iiltogethei*. llowever, when only I and 14 are connectied to the linos, lirilUant 
(lischarj^es frequently occur at either one or the othi*r, ur at both. 

Now, assn in in/^ that the above (aaiditions and results cfUTes pond in many 
respecte to tliose found in actual practice, the lesson to be learned is a simple 
one: Llectnc light anil power circuits, .should be provided with spark gap 
lightning arresters at freammt intervals along the line. Four or five to a inile 
of wire woidd seem to be suliicieut in a majority of cases; in others a fewer 
rmmiier noglit sufiiee. A spark gap arrester should certainly be connected at 
cither mni of each hno. An electric circuit well equipped with propmdy con- 
stnicted hue areestora should have little to fear fi-om ilisruptive di«jhargcs.’' 
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the grounded wire fails to protect, because the grounded wire is 
nothing but a parallel line which will be charged by electro-static- 
influence at the same time, and will discharge simultaneously 
with the main line, without in any way relieving the main line. 

Against the direct or secondary lightning stroke, however, the 
grounded wire will protect more or less. 

I think this is the reason that such different experiences have- 
been recorded with the grounded wire, and indeed with any 
means of lightning protection. 

Thus, before trying to protect lines from lightning, we first 
have to learn what lightning is, and then to see how we can 
guard against secondary str(^e, how against the line discharge, 
the direct lightning stroke, etc. 

If a disruptive dischaige enters the line, electric oscillations 
will be set up therein. The frequency of these oscillations de¬ 
pends upon the capacity and the inductance of the line; and the 
number of cycles which take place before the energy of the dis¬ 
charge is dissipated, that is, the rate of decay of the electric os¬ 
cillations, depends on the resistance of the line. We can thus 
easily determine what will be the result of introducing choke 
coils, that is, inductance, or resistance into the line. 

If you put in a choke coil, it will increase the impedance of’ 
that branch of the circuit passing through the choke coil, and 
therefore oft'er a certain inducement to the lightning stroke to 
take the other path. But even if you have a very large choke 
coil, the impedance is not infinite. Consequently a part of the 
stroke will go through, and even if you take 99 per cent, of the 
lightning stroke off safely, the last fraction which is left may 
be quite enough to cause any amount of damage. But there is 
another action of these choke coils: the frequency of oscillation 
of the circuit is lowered, and hence the danger reduced, because 
the foremost danger of lightning is its secondary action, and by 
reducing the frequency by the insertion of seif-induction you 
reduce this, which in itself is a protection. 

If an oscillating current passes through the line, the space 
around every coil of wire becomes an oscillating magnetic field 
of for(;e, and this magnetic field of force will induce in the same 
wire, or in any other wire in the neighborhood, electromotive 
forces, and there you have a second secondary current produced, 
which may do harm, while the lightning proper, or the primary 
current may have gone over the spark gap and disappeared harm¬ 
lessly. So the choke coil, instead of protecting directly, oc¬ 
casionally produces a return stroke. 

With regard to the wa ;7 of protecting from lightning by in¬ 
troducing resistance, that is, by increasing the rate of decay of 
the electric oscillations as far as possible, or to make the current 
altogether a periodic, that is allow no oscillations to be set up at 
all, I think it is only just to call attention here to an old paper 
read by Mr. Hodges, before the American Institute of JElec- 
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TEiCAL ENGiNEiiliS, at tlie meeting of April 21, 1891, where he 
obviously starts from the same idea of offering the lightning work 
to do, by the interposition of a very high resistance, and thereby 
to dissipate the energy of the lightning.^ 

For merely sending the lightning stroke to the ground by the 
old lightning rod does not offer complete protection. An os¬ 
cillating current is produced which goes down to tlie ground, and 
up again, until the energy is expended. 

The experiments of Mr. Wurts on the Increase of impedance 
by the increase in the luimber of turns of the clioke coil up to a 
certain number, and the constancy of inn)edance reached then, 
I do not think conclusive. If I understand Mr. Wurts riglitly, he 
had an electric oscillator consisting of Leyden jars discharging 
througli these choice coils, and measured tlie k. m. f. liy spark 
electrometer. Let us see now, what will take place in* such a 
system, if we increase the number of turns. The coefficient 
of self-induction—the inductance since yesterday—of the coil, 
will increase witli the niimher of turns, there is no doubt about 
that; the inductance increases, but with increasing inductance 
the frequency in circuit decreases, because the fre()uency depends 
on the inductance of the circuit. Consequently the reactance as 
the product of the inductance into the frerpiency, will not in- 
crease proportionately to the indnetanee. But if you take an¬ 
other circuit of a different capacity, you will get again a different 
number of turns from the last. The increased number of turns 
does not offer an increased reactance, because the increased in¬ 
ductance is counteracted l)y the decrease of frequency. 

Thus, increasing the inductance of the coil bv increasintr the 
number of turns, increases the reactance proportionately, only as 
long as the coil inductance is small coin|)ared with the total in¬ 
ductance of the (urcuit, and tlnis does not much affect the fre¬ 
quency. 

In circuits of larger capacity, you will probably find the best 
inductance, much larger than iii a circuit of comparatively low 
capacity, as the Leyden jar. 

With regard to the plienomena described in connection with 
discriminating lightning arresters, I have made a few experi¬ 
ments, also at very high voltages. I used two brass plates with 
a sheet of mica between. The mica was projecting some inches 
over the brass plafces. I exposed this apparatus to a voltage of 
39,000 volts. At 3(^000 volts, lieautiful sparks were flowing 
over the edge of tlie mica, from brass plate to plate, but no current 
following. "Tlien I reduced the voltage and reduced the distance 
from plate to plate over the edge of tlie mica. The phenomena 
was the same ; brilliant, white sparks were passing, but no cur¬ 
rent was following down to about 5,000 or 6,090 volts, where the 
distance between the plates was still about one inch. But below 

1. Transactions, vol. viii, p. 159. 
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this voltage it failed to protect, but the spark was followed by 
the arc, and the transformer short-circuited. Here you find the 
same protection, a creeping discharge, as you may call it, protect¬ 
ing for very high voltages where the arc does not follow, but not 
protecting for low voltages where the arc does follow. 

Mr. WuRTS :—In regard to the use of discriminating lightning 
arresters bn high voltage circuits, 1 would say that I have used 
these lightning arresters on arc circuits up to 4,000 volts; that 
is, arresters very similar to the one 1 have just tested, except 
that for these high voltages I use two gaps in series instead of 
one. I have connected such an arrester to the terminals of a 
4,000-volt arc machine, and then sent disruptive discharges through 
the arrester, across the terminals of the machine, as I have 
..already shown in connection with the 500-volt lightning arrester, 
without any dynamo current following. The 500-volt lightning 
arrester operates successfully on a 1,000-volt alternator with 
smooth body armature, but with a toothed armature the arrester 
will break down after two or three discliarges. With this 500- 
volt arrester connected to the terminals of a street railway 
generator, and sending disruptive discharges through the arrester, 
exactly as I h^ve shown you, I have counted the aischarges in a 
number of cases as high as 5,000. In some instances, however, 
the arrester will break down after 2,000 or 3,000 discharges; but, 
of course, it would require a great many thunder storms to reach 
even that mirnber. 

Mr. Kennelly, I remember now the point you brought up, and 
which had slipped my mind ; that is, about the charging of the 
wire by conduction from the atmosphere. Many of my ideas 
are obtained through observation, and in connection with this 
point, would say that I have known circuits to become charged 
during perfectly clear weather, so that the discharges across a 
single lightning arrester occurred at the rate of 100 to 140 
a minute. It seems to me that the charging of the wire in this 
case, must of necessity be due to conduction from the atmos¬ 
phere. 

Mr. W. J. Jenks: —In the course of Mr. Kennelly’s remarks, 
he expressed the opinion that the potential developed by a light¬ 
ning discharge or a similar current from laboratory apparatus, 
was no greater at the end of the circuit, where the discharge 
found difficulty in escaping, than at other points on the line. I 
would like to secure his idea of what happened in a case which 
occurred in Massachusetts some years ago, where the facts are 
vouched for by Captain Win. Brophy, the well known insurance 
inspector. In 1882 there was in connection with the telephone 
-exchange, in Worcester, a line running from the central office, 
some three miles to the residence of a prominent citizen. There 
were five instruments on the wire, but the discharge manifested 
itself strongly at the lightning arresters of only two of these 
stations. The fourth from the central office showed decided 
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blackening of the arreKSter plateB. At the end farthest back into 
the country, and ]>erhap8 one niile from the point where the bolt 
appeared to fall, the great force of the charge was a|)parently ex¬ 
pended ; tln^ teleplione with its bell and bra(*ket was torn from 
the wall and thrown several feet into the room. The inside wir¬ 
ing and ground eoniieetions were left intact, but the iron line 
wire. No. 12 b. w. o., al>solutely disappeared fora distance of four 
stretches, the three poles nearest the house being entirely torn to 
pieces by the shock. One was splintered from top lo bottom into 
kindling wood; the next was burst as from a charge of powder 
at its heart, and cut off scpiarely some fiviOeetabove the ground; 
the third, wliere the remaining (mrrent had evidently made its 
way to earth, had a deep channel cut in it, followitig the 
grain of the wood from top to bottom. 

It would aj>pear that a rush of electrieal energy, iinding no 
adequate outlet, exercised u|)on this extreme tmd of the line, an 
action similar to that of a mass of water rushing down a pi|)e 
closed at one end. the arrested energy being sufficient to utterly 
destroy the conducting wire at the point where it failed to -Hrul 
an escape; also that a certain amount may have surged back 
with a sharp recoil, blackening the liglltning arrester next 
towards the central office. In this <ais<\ perhaps one of tlio 
branches or ramiticati(Uis of the lightning Hash which Mr. Wurts 
has described in his i)aper, may possibly have slrm/k the* line 
and it would seem that as tlie wire appiiiamtlv carrie<l tlie entire 
current for a considoiMlrle distance witluiiit any sign of (‘xcaissive 
heating or without any <‘s<*a|)e to earth wlindi left a tracts the 
peculiar phenomena at tlie end of the lim* may have heim the 
result either of an intensified |>otential, or an oscillatorv effect 
by means of udiich a portion of the energy was <lissip*ate<l in 
vaporizhig the wire. It is also my Indief that there are si>ecial 
local spots or lines of attraction within the crust of tlie eartli, 
possibly corresponding to undergrouml water courses, to wliicli 
lightning discharges often make their way in preference to fol¬ 
lowing what would naturally be considered easier laiths througli 
small air spaces and heavy grouml wires, which may cmmmini- 
cate with subterranean regions of inferior <*ondiu?tivity* I 
witnessed some ycjirsago some <^xperiment.s with the ancient and 
much-derided divining rod or forked twig, which strengthened 
my belief in these special lines of attraction, and I am not 
aware that the theory to which such plienomena point, has ever 
been disproved. 

Mr. KKNNEi4f4Y:—I should he very sorry to try to explain 
what happened in the interesting case mentioned l>y Mr. Jenks, 
and in fact, as all admit, our knowledge must be very much more 
complete tlrin it is now, before we can attempt to bring light¬ 
ning or its effects under exact rule. But I think wemav fairly 
infer that if there existed at the end of the wire the condition 
whicli exists at tlie end of a water pi|}e when water rushes 
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through the pipe, we should expect that that last spark gap here 
before us, should indicate far more spark discharges than any of 
the middle points. During the continuance of triis experiment 
just now, I counted the number of sparks at the dijBFerent gaps, 
and I did not find any preponderance during that time of any 
one gap over another. I think if Mr. Wurts were to repeat 
that for us again, that would be again the case, whereas if the 
theory were true that any reaction existed at the end of the 
wire whereby the pressure was greater there than at any inter¬ 
mediate point, there should be a^ large prepoijderance of dis¬ 
charges at the last gap. In regard to Mr. Jenks’ case, it is 
certainly from his observation a matter of fact, that in this par¬ 
ticular case the discharge was far more violent at the ends of 
the line than at the middle point. 

In regard to Mr. Wurts’ interesting observation that 140 or 
144 discharges took place on that line in fair weather, all I can 
say is that we are glad that we have not to deal with anything of 
that kind in this more favored land. But in regard to any de¬ 
duction to be made from that state of things, surely if the 
charge were b’eing accumulated by soaking, as it were, out of 
the air, there would be a steady current produced. Why should 
it accumulate and jump every third of a second when it has a 
chance of running steadily through ? If it is a gradual soaking 
in from the layer of air, why should it wait half a second and 
make a jump, and why shouldn't there be a continual stream 
instead of an oscillatory disturbance, which argues oscillatory 
effects taking place somewhere in the upper regions of the 
atmosphere. 

Me. Wuets :—The circuit to which I referred was not a trolley 
circuit; it was a high voltage metallic circuit; was therefore well 
insulated from the ground, and the charge, having no oppor¬ 
tunity to leak to earth, accumulated until discharge took place 
across the arrester. 

In regard, to the preponderance of discharges at the end of a 
line, 1 can hardly agree with you that the charges would pass 
more frequently at the end by reason of the increased tension 
there, for the reason that there is an enormous impedance in the 
line, and if a spark gap arrester be connected at an intermediate 
point, and at a point were there is a maximum tendency to dis¬ 
charge, the discharge will take place there, rather than follow 
through any considerable length of wire in order to discharge 
through an'arrester placed at "the end. Had time permitted, I 
might have illustrated that point by actual experiment. 

Before the discussion closes, I should like to make a few re¬ 
marks upon the method of applying insulating material to elec¬ 
tric apparatus, and particularly electric street railway apparatus. 

The fundamental principle of this nomarcing railway light¬ 
ning arrester which I have just shown you, is based upon the 
fact that disruptive -discharges pass more readily over surfaces. 
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than tlirougli insulating media, such as air, or the well-known 
insulating materials used in electrical apparatus. For example, 
an electric spark will jump five or six inches across a glass, 
marble or wooden surface, where it would not pierce through 
oi an inch of insulating material. Further, if Hat pieces of 
marble, w'ood or other insulating material be laid together, ex¬ 
actly as is done in the constrnction of the non-arcing railway 
liglitning arrester, the dischai*ge spark will readily pass 
these Hat surfaces, in fact quite as easily)*-us before, and nothing 
will be broken or ruptured. Simihirly, if a discharge s])arl< 
tends to pass from a coi)per wire wound with insulating ta|)e, to 
the iron body or core <»f an armature, this spark will find an easy 
path helween the convolutions of insulating tape, and will j>ass 
between these convolutions without {>iercing, or in any way 
damaging the insulation. In practice, however, the dynamo 
current immediately follows this discharge spark, and the insula¬ 
tion is then and thereby damaged. 

I have had a wide ex[)eric*nce in making ohservutions of this 
kind, ami it has Ixmui my unvaried observation, that armatures 
insulated in the above manner, and in generat,snrfaee wound arma¬ 
tures, are very sensitive to atmospheric ele(ttrical disturbances. 
I have also observed that street railway apparatus insulated with 
homogeneous insulation, which I am pleased to note is now used 
in the best grade of street railway apparatus, is rarely <lnmaged 
by liglitning wlien protcitted with a reasonable numbm’ of light¬ 
ning arresters. 

Mk. STKiNMivra:—I think this very instance Mr, Wurts nuae 
tioned of a lightning stroke out of a clear sky, is Mich a (^asiois I have 
referred to; because there the eliK^tro-stutic Hidd in the atmos¬ 
phere, changing constantly and rapiilly !>y changes taking place 
in the liigher regions of tlie atmosphere, causes rapid variations 
of the charge of the ground, and the wire lieing \nirt of the 
ground due to its charge or discharge, sparks must constantly 
cross the air ga|>. 

The circiimstan(5es desiualied, a.r<^ just tlie most favorable for 
this phenomenon: A clear^slcy in'parts of the <!ountry where 
thunder storms are fre(|uent, ami large dilferencc* of eIectro»static 
potential exist in the atmosj>hen». A layer of hot air, the best 
insulator, se|>arates the ground as one condenser coating, from 
the higlier regions of the atmosphere as the other condenser coat¬ 
ing. Any cliange in the electrical conditions of tlie atmos|)here 
causes corresponding charges ami dischargiw between the ground 
and the wire. You can see the same in Leydim jars occasionally. 
If you have the outer coating of the I^iyclen jars cut into small 
squares of tin foil, then by charging the jar you see Iirilliant 
sparks passing over the outer Hiirfacci to the Iiaiid. 
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Meeting of Western Members at Chicago, May 23d, 1894. 

A meeting of the western members of the Institute was held 
on May 23d at which Mr. Wiirts’ paper on Discriminating 
Lightning Arresters was read by the author. The meeting was 
held at the Armour Institute, Chicago, where special prepa¬ 
rations had been made by Professor Stine and his assistants, in 
arranging appai*atus for the* experiments accompanying Mr. 
Wurts’ paper. About 140 members and guests were present. 
Mr. B. J. Arnold was chosen Chairman for the evening. 

Discussion. 

The Chairman: —I am sure we have all been benefited by 
the excellent paper which we have just heard, and the many in¬ 
teresting experiments shown us to-night. I wish personally to 
express my thanks to Mr. Wurts, for the knowrledge I have 
gained. I have found, contrary to my former instructions, that 
single lightning arresters do not arrest. I was instructed by my 
firm several years ago when I was engaged in the selling business, 
to the effect that their lightning arresters were absolutely reliable, 
and to guarantee them so. The result was that when lightning 
entered the station and caused damage, I was forced to give the 
parties new lightning arresters, and otherwise make apologies 
and amends. I now find that I made a serious mistake, and that 
instead of giving them new lightning arresters without charge, 
.1 should have sold more lightning arresters. 

Mr. Farnham and others have complimented the last Chicago 
meeting upon the capable way in which it handled the discussion 
of his paper, thus paying the western members of the Institute 
a high tribute. The paper before us to-night is one of value; it 
has been delivered in a very excellent manner, and is worthy of 
the highest consideration at our hands, and I hope the members 
present will avail themselves of the opportunity presented, and 
endeavor to maintain the standard which has been set for these 
meetings. I will call on Mr. A. Y. Abbott, Chief Engineer of 
the Chicago Telephone Co., to open the discussion. 

Mr. a. Y. Abbott: —I have been very deeply interested in 
the instructive paper which Mr. Wurts has just presented, the 
subject bringing vividly to my mind former experience with 
liglitning arresters in electric railway work. I can fully sub¬ 
stantiate Mr. Wurts’ experience with lightning in Colorado and 
the freaks which it plays with Colorado street railways. I do 
not know of any other place in the world where there is so 
much lightning to the square inch as in Colorado, nor where 
lightning storms come with such suddenness and regularity. 
Out of the Cheyenne. Canon, one may always look for thunder¬ 
storms during the months of June, July and August at two 
o’clock in the afternoon, with the greatest regularity; in fact, 1 
have heard it asserted that some of me inhabitants of the Springs 
set their clocks by the first flash. 
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Mr. Wnrts has emailed our attention to the advisability of pro¬ 
viding each circuit with a sutRcient numV)er of lightning 
arresters. 


Some three or four years ago 1 had tlie pleasure of doing con¬ 
siderable electrical railway work in the AVest. At that time tlie 
sti-eet railway of Salt Lake City was suffering severely every 
summer from the destruction, both of their motor and generator 
armatures, due to lightning. At that time the station of the 
Salt Lake Street Railway (Company was protected hy liglitning 
arresters, but few or none were iiitroduced intt> the line itself. 
A i-ecommendation was made to equip the entire line with light¬ 
ning arresters, in the hope of lessening the trouble experienced, 
but 1 believe, owing to the expense involved, this recommenda¬ 
tion was not carried into effect. At about tlie same time I com¬ 


pleted the Ogden City Street Railway, and there arranged to 
place a number of lightning arresters in the station, and "also to 
protect the line_ itself, by lightning arresters located on the poles 
themselve.s, at intervals of" at least every mile. Ogden is so 
near Salt Lake City, that it would seem the atmospheric electri¬ 
cal conditions woulil be nearly the same in both cities. So long 
as 1 continued in direct contact with the Ogden City milway, no 
trouble whatever was experienced with eithej’ the motors or tlie 
generators from lightning, although many severe storms occurred 
after the completion of the road, and so far as I am aware, no 
difficulty has since been experienced. 

In the case of another road in thefrlouth, where thunderstorms 
are nearly as severe as those of Colorado, a succession of gener¬ 
ator armatures were <lamage<3 during the first summer of the 
road’s opei'ation. * 

The introduction of lightning arresters along the linos, spacing 
from 250(1 to JlOOO feet upon the j)ole8, removed the difficulty ® 
far as I am informed. 


In constructing the Lake Roland Elevated Railway of Balti¬ 
more, the practice was adopted of plac-ing lightning arresters on 
every twentieth pole; practically every half mile of the road. 
Baltimore is also subjected to very severe thunderstorms in the 
summer time, and this number of lightning arresters seems to 
have afforded a security against injury from lightning. 

The experiments of Mr. Wurts and Dr. Hertz have shown 
very conclusively that in electrical circuits, nodal poijits will be 
formed at different jilaces along the line, depending upon tlie 
varying conditions of the electrical state of atmosphere. If the 
position of the nodal points could always be predicted, lightning 
arresters placed at the anti-nodes would’be sufficient to protect the 
lines, but as the location of these points changes from time to 
time, it is essential to place a sufficient number of lightning 
arresters, to be sure that the anti-nodal points are always reasonably 
guarded. It is, therefore, advisable to be liberal m the use of 
lightning arresters. 
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Attention has been called to the desirability of securing good 
and adequate grounds for all lightning arresters. A good ground 
certainly does no harm. In the instances previously alluded to, 
the station grounds were made by bringing the lightning arres¬ 
ters to the station machinery and especially to the engines, for 
as theenoines were compound condensing, they were alwys 
located in"direet connection with good water supply. It has also 
been my custom to connect station lightning arresters to gas and 
water mains, as an additional protection. The circurt l^htning 
arresters are always connected to the return circuit of the street 
railway, in addition to being grounded by means of a long iron 
rod driven so deeply into the ground as to reach permanently 
moist strata, and soldering the lightning arrester wire to the 

proiecting end of this rod. .. .. ^ * *1 * 

Dr Lodve however, has called our attention to the tact that a 

liffhtning arrester grounded through considerable ohmic resis- 
toce wSl apparently work sufficiently well, the extremely high 
rate of oscillation ol the lightning discharge causing any circuit 
to prosent sucli an amount of impedancG as to render the ohmic 
resistance a very small proportion to the effective circuit resis¬ 
tance. in anything but the poorest kind of grounds. 

Mb Ludwig Gutmann I have been very much pleased and 
• interested in Mr. Wurts’ paper and experiments, and having had 
some little experience in that line, I wish to call attention to 
some points which are not sufficiently brought out, or not touched 

at all in this very timely and instructive paper. • , 

To beffin with, as Mr. Wurts states clearly, that the lightning 
arrester (so called) is a device which does not arrest lightning, 1 
wish to say that this name is not only misleading but is wrong, 
’^at we wish to accomplish is, to conduct these high tension 
and dangerous currents through circuits especially prepared for 
them to ground, to avert destruction of property. We therefore 
“deflect” the lightning from our circuits, through other more 
favorable ones, to ground; and therefore a more appropriate 
name for such device would be “ lightning deflector.” 

He further criticizes the central station men for their action 
on this question under discussion, and their wrong views, and 
while this criticism may be well founded, I believe that manu¬ 
facturers and constructing engineers are more to blame tor this 
state of affairs. They never or seldom have given any instruc- 

In 1890 I was sent to Guthrie (Oklahoma Ter.) to investigate 
and repair a dynamo which was struck by lightning. On ex¬ 
amining the “ground,” I found the lightning deflector connected 
with a copper wire to a two foot iron rod ^ ^ in diameter^ driven 
into the dry stone wall of the building. The central station pro¬ 
per and this rock wall were situated below the street level. To 
assure good connection between this rod and the deflector, the 
wire was twisted round the rod some six or eight times. I sub- 
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stituted this supposed ground by a sheet of coj)per \i feet wide 
and to 4 feet long. The same was closed ii}) to form a cylinder 
and was proYided with in. lioles through which several conduc¬ 
tors of No. S copper wire were threaded the entire length of the 
cylinder and then soldered. The object of this was.» that should 
a discharge melt the solder, the connecting wire could not be de¬ 
tached from the cylinder but would remain in metallic contact 
with this large earth plate. A hole was made below the floor 
some four feet deep, and a layer of coke spread on tlie bottom, 
then the cylinder was placed "on edge and filled up, surrounded 
and also completely coveiod with coke. Finding while digging, 
that there was little or no moisture in the ground, I ordered it 
to be soaked, by throwing several buckets of water on it, and 
further, after completing this work, the floor was not nailed down, 
but a trap door provided, so as to afford convenient means for 
iusspecting the ground plate and also for keeping the ground 
moist. 

Mr. Wurts is perfectly correct when be critiei/.es the action of 
central station men for condemning a lightning deflector which 
apparently did not live np to tlieir exi)ectati<>ns. There are a 
number of good devices on the market, Init unless installed ])ro- 
perly, and systematically arranged, no good results can be ex¬ 
pected. I believe that tlie present arrangement is ])oor practice, 
which I have criticized frequently, but never on any (X^casion 
like the present. 1 refer to the proper locution of lightning de¬ 
flectors. I have always held that their place is on tin? litie, and 
in front of the central station, but not in- tlie station. 

In my opinion it is rather short-sighted j)olicy to place a well- 
finished liglitning deflector on the switchboard, so as to enltance 
the appearance. It is a fact and a practice tliat is generally in¬ 
dulged in. Lightning deflectors can be found on many switch¬ 
boards or at least in tlie central stations witbont, I dare say, a 
single exception. 

This device, liowever nice looking, is not a voltmeter or other 
necessary switcldioard instrument, and should not be placed on 
the switchboard. Its place should bo outside the shition, within 
a few feet of the building and located conveniently to the circuits. 
We find a central station with (! to 12 or more miles of overhead 


wires “protected” (it is said) by a single lightning defiector in 
the station. What is the result of this illogical practice? All 
high tension currents within this distance, caused to flow by 
direct communication or induc5tion from lightning dischai^es in 
these wires kms to travel all the distance to the HtMion ^pyr the 
only purpose of again being eondmeted out of the same^ into ths 
^ground. Why permit them to come to the station at all Why 
not keep them out by leading tliem to the ground or dissipating 
.them before they reach the station. 

Sometimes lightning once conducted to the station prefers to 
go to ground through a dynamo, which owing to its large surfaces 
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of armature and polo-pieca^s is a fur iiu>ro citieient lig-hliiinu; de¬ 
flector, esi>ecially as ,i,muerally it lias a ar he ter ami larg-er 
.round pkte tl.an tl.e .letlector proper. 1 Ins will ho clear >f we 
Remember that tlie concrete loundat.ou and anchor holts are 
directly connected to the dynamo base plate. t no tavorahle 
path to ifround was furnished in the station there won d lai 
no tendency fur the li-htnin. to atfei-t the electrical machines. 

Another point of iinportaiiee to wlin-h 1 wish to call y.nir 
special attention is the nei-essity of a ifood .ronin . oecaiise it be¬ 
longs to the “system,’' and none «.t the deflectors will work 

unless this is in i>ro]H‘t‘^ , 

Mow let'ns look at present practice. When a .'•tation is in 
conr.se of constniction, much importance is given to the ground 
plates, and generally they are well ina. e because the cos ..t the 
plant is, at this stage, ever present bet ore the eyes ot the ton- 
strncting engineer. The ground plate is made and buried and 
because it is buried, it is soon forgotteii and relegated to the dead. 
We find suporintendcnts test daily for grounds and leakage, 
where they do not want to find them, hut 1 Iiavc never heard o 
an instance where a test has been made on a ground where it 
ouglit to be. The former test is no dmilit much the more im¬ 
portant, as it refers to additional eonsiiiiii>tioii of coal wlmdi inay 
amount to several dollars a day, while the latter won d mean hut 
an occasional loss of several hundred or t loiisaml didlars. 

On only one occasion have I Iieeii in doubt u.s |o which niune 
is the more appropriate one, “ lightning arrester or “lightning 
deflector.” This doubt was eaiused by tlie perlorimmce of some 
two dozen or more lightning arresters iiicelv arranged on a 
special hoard just below the cupola in a New \ ork eeiitral sta¬ 
tion whose feed wires connected to cireiiits extendm«' as well 
over down-town as iip-towii (listriids. l/ightniiig discharges 
could bo observed fio<l lieard witliout; tiiii uh us therf^ whh a 
tliunderstorm in that city. These discharges yvere freipumtly 
heavy ones, and sounded in the spacious stiiliitn like the report of 
a shot-.un. On one of these oci'ii-sions tlie.se lightning arresters 
very electimlly arrested the lightning, for it di«l not leave the 
station bnt burnt up the arresters, the eiipolu, leeders and switch¬ 
board so completel.y, that the compiuiy hud to supply its con- 
sniriers bv the aid of other central stations. _ 

This particular station had a most e,\celleut ground terminal, 
which consisted of a large iron pipe alx.ut two feet in 
extending into the river, but as to the coiulitioiis of the deflector 
terminals to this pipe I do not know. , ^ , i 

To sum up; a central station can he effectually' protected . 1, 
by locating lightning deflectors on and along the lines and pro¬ 
vided witli proper grounds; 2, by locating some deflectors near 
the station and providing means tor conveniently inspecting the 
terminals and the state of the ground, especially jw the earth 
changes in conductivity at various seasons; !{, hy artineially pro- 
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viding means to inoisteii the ground manually or otherwise where 
necessary; and 4, reducing fire risks by having no lightning de¬ 
flectors inside the station itself. 

The following coinmiinication from Mr. C. 0. Haskins was 
read by the local honorary secretary: 

Mr. Haskins :—I regret being unable to attend this meeting. 
I have been much interested in studying Mr. Wurts’ paper, and 
it brings back the old days when our telegraph instruments were 
at the mercy of the disruptive discharges of heaven^s artillery, 
and our only lightning arrester was a lightning rod—our only 
refuge of safety was to open the keys all along the line, and thus 
extemporize an air break at every office. Those were the days 
when there \vere no binding posts on the telegraph desk, before 
which the operator sti>od (because it w^as deemed unhealthy to 
sit down), and mercury cups bored into the hard-wood desk 
served for connections. 


Then this was improved upon by cutting out the office, using 
the abbreviation, s. f. 1., as a notice that such action was about 
to be taken. After this came the ground plate terminal with 
saw-tootli edges brought extremely close to two plates connected 
with the line on either side of the office. This was improved by 
making one-lialf tlie edge of each plate saw-toothed, and the 
other half ])lain, to pr<»vide for discharges from, as w^ell as to 
the earth. This was vai'icd so that points were made with ad¬ 
justing screws, that the distances might be regulated at the air- 
gap, reducing or increasing this at will; and, besides, these 
points sometimes fused and required separation after a discharge 
had made a permanent ground. Mr. (). H. Summers, the West¬ 
ern Union electrician, itivented a lightning arrester for tele¬ 
graph ];>ur|) 08 es which ])rovcd a good one. save that after every 
successful protection it was necessary to rearrange it. A fine 
wire, silk insulated, was wound several times around an upright 
brass cylinder which was connected to ground. ' This wire was 
connected to the line. Any discharge sufficiently energetic to do 
mischief to the instruments, burned the insulation next the 
cylinder, and welded the line to ground, or at least discharged 
the wire to earth. 


The condens(3rs, introduced into duplex and quadruplex work,, 
to some extent played the part of lightning arresters in tel¬ 
egraphy, and the gradual weakening of the dischai-ge is forcibly 
illustrated in its action upon the plates of foil. 

I was assisting Professor Gray with his way-duplex, in 1877. 
We were successfully operating the line from Chicago to Du¬ 
buque, transmitting through business between the two terminals, 
while between 20 and 80 offices were doing local business on the 
same wire at the same time. Condensers formed part of the 
equipment at each office. A severe thunder storm, lasting half a 
day, grounded the line, and I started for the break. I found not 
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^i.P Imt several troubles, all i» the eoudeusers. In some three 
orfom o?these, the current had la.red .ts u-av through mm.y 

sis of the tin foil «».i S';,'in;,"f 

oTaduallv smaller as it passed (1 o\mi, initii it uas uinieiv lost. 
Ilm West hole was nearly or quite a sixteenth ot an inch in 

‘^’T^muedy the difficulty I took the condensers apart and 
tun ed the sheete of foil so as to make the hole.s break jumts, 
and Iw riding on all sorts of trains, and doing a dea ot Imrry- 
C’ I managed to get the line working m a ..ompara ively short 
time The condensers, fortunately tor us, weie not so tnmly 
Psed together as to prevent their being overhauled in the way 

^'^While the slopping over of a disruptive discharge, if 1 inay’ 
nse the expression, Is proliably chargeable with iiiiieh mischict, 
i think more credit is iliie to iiidiietion than it generally re¬ 
ceives in these disturbances. A case 111 point here, sonic years 
aw) will perhaps, have some interest. A scheme \vas dcvclojK.d 
bv the race-track people to run horses liy night, and the project 
Av“as ably seconded by an electric light company. A jilanl was 
Xced,mid the lighte started. The project was a lailiire, lor the 
liorses obiected to the lights. 'Plie plant ua> di.scontiiiju d, and 
several hours after the tire was out under the ''-iler a lineiiiaig 
who was taking down the wire, was nearly iirostrated b,\ a shock 
from the line,'while standing on the ground. 1 here was .some¬ 
thing over a mile of No. (i copper wire in the line, one end ot 
wSi was hanging in the air, while the other was grounded 
through the linenian. There was no aiipreciable e-lectrica dis- 
turbaiKie in the elements, but there was in the wire an imluced 

‘^'‘Kell-known electrician here, while in a suburban street car, 
during a thunder Btorm, saw a house at a distance ol halt a mi e 
or so away, across the prairie, struck by lightning, and dist n<bl> 
felt the prickling sensation of esiaiping electricity--evidently 
an inducLl effect. This is, perhaps, imt exaid.y patmit to the 
matter of lightning arresters, hut possibly bears iiidiici tl\ on 1 1 . 

lip" to within a very few years, a consiileralde amount 
genuity was expended in the endeavor to maki- 
magnetism in eoiistnictiiig lightning arresters, l.ut tl c time 
reiinired to energixe the core was sufficient bi permit *1'^ 
chievous current’ to do its work helore the circuit opeiu d. 
It always seemed to me like a case oi clectioiieei njg a ' ' _ 

polls were closed. There are other and gimd devices, notably 
.those of Professor Thomson, with which you are all fimiiliar. ^ 
Mk. (Iko. M. Mayer:—W hile I cannot really discuss Mi. 
Wurts’ able paper on lightning arrestera such as used m 
tion with light and power stations, yet I leel that I can contrib¬ 
ute something from my experience with lightning arresters on 
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telegraph and telephone lines. Judging from tliis experience 1 
am inclined to believe that to protect a Kstation and its apparatus 
from lightning, the only proper way is to place the lightning 
arresters outside of such station, and in the way the author pro¬ 
poses or has done already, and from all indications successfully. 

Mr. Wurts has mentioned that a lightning discharge prefers to 
travel over a smootli surface, as, for instance, a polished marble 
plate in preference to an air-gap. The {xovernment Telegrapli 
Works, of Wurtemberg, Germany, with which I was connected, 
adopted practically the plan of placing lightning arresters at 
regular intervals along the telephone lines in cities. Usually the 
wires were carried over the housetops, the insulators being placed 
on iron frame-work. By grounding this iron frame, any liglit- 
ning discharge from the wires was carried at the next frame to 
ground. The ‘‘ground^’ consisted of a galvanized iron plate, 
laid where possil)le in existing wells, or else in moist ground, 
connection being made witli tlie frame-work by a stranded cop¬ 
per wire cable of about J-incli diameter. Tliis evidently agrees 
with Mr. Wiirts’’ experience with marble plate arresters such as 
lie described, inasmuch as tlie porcelain insulators used are acting 
as sucli, a surface giving the lightning discharge an easy jiath 
from line wire to frame and ground, yet preventing the tele¬ 
phonic currents from following the same course, tlierefore acting 
just like an air-gap. In addition to these peculiar lightning ar¬ 
resters, another air-gaj) ari'cstcr was placed in the hnihling wliere 
the wires entered. The air-gap, liowever, was lilled up with 
paper, which lightning discharges frequently pierced. However, 
comparatively little trouble was experienced, from wliicli 1 draw 
the conclusion that such grounding of iron insulator-frames 
is as etlicient on telephone lines in [meventing destruction of ap¬ 
paratus, as air-gap arresters are on power or lighting cii’cuits. 
It happened, liowever, that with this air-gap arrester where the 
paper was pierced, connection was also establislied between the 
line and the ground, showing tliat at the point of nipture tlie 
metal melted, forming a. ])oint which touched tlie grouml plate. 
The same trouble was experienced in tlie railway telegrapli 
offices where tlie liglitning arresters consist of comparatively 
large plates, about 7 inches liy 5 inches, wliicli were separated 
by an air space of about v^’g-ineli, the surfaces of the plates being 
V^-shape grooved, the grooves, however, running at right angles, 
therefore presenting a great number of points, »similar to saw¬ 
tooth arresters. Although some apparatus used in connection 
with railroad telegi'ajiliy, such as bell signals on crossings, and at 
stations, have individual air-gap arresters, generally consisting of 
two pointed screws, yet better protection of the stations and 
station apparatus could be obtained by jilacing more arresters on 
the line. 

Perhaps it w^ould be a good plan on lines where many wires 
are carried on a row of poles to make these poles of iron, if 



404 


WURTS OX fJ<UITN/X^> AltRRi^'l RR''"'’ |May 




the ground is fairly moist, tlierehy ostal.lisl.iiig u grmmd <-u,nu-c- 
tioirfor lightning discharges at e\ ery insidutor. 

Of course the leakage ot current wmild l>e larg.-r, and t he tirst 
cost of construction would also ho gi-eater, hut it may he a leasi- 

hle plan and cheaper in the end. 

Allow me to add to these remarks a few wm-.ls oii Mie e.m- 
struction of an arrester made i>y Sitanens and Ilalskt*, l>erlui, ior 
telephone lines, which <-onsisted of a brass screw heing e.m- 
nected to ground, and in the threads ot whicl. was p aeed a silk- 
cov'cred wire, which formed part ot the hiu'. A hglitinng 
dischartre usuallv itierced the silk instilation while the teleplome 

cnrrente could not follow the same path. 

As a good deal of danuigc to el<‘ctrical apparatus ot all kinds 
is continuously hciiig dune by idectri<*al storm>, it sho\\s that out 
present methods of protecting lines and upparat!l^ imii he im¬ 
proved upon, and certainly have kite been improved, and ex¬ 
periments such as were carried out recently hv Mr. \Vurts, ami 
so ably presented in his paper will tend to further improve and 
perfect onr lightning arrester systems. 

Upon motion of Mr. K. 11. Pierce, ;i cordial vote of tlmidcs 
was tendered Mr. Wnrtsfor his kindness in making a special 
trip to Chicago in order to present his interesting U-etiire with 
its elaborate experiments before the meeting of the western 
members of the Institutk. . 

Upon motion of Mr. Caldwoll, the thanks o| those present 
were tendered to 1‘rofessor Stiiu' and his assistants, to whoin 
those present were under great ohligatioms for their kindness in 
placiiifij at the (lis])o.sal of the uiemlHO’s the riHHii in whi<^1i the 
meeting was lield, and providing all the neci’ssary appiiratus for 
carrying out the experimoiits shown by the lecturer. 

After a number Of announcements had heen made by the 
local honorary secretary, relativ<i to the r<fsult (>f the auuiiai 
election at the Fhiladeliihia meeting, the ue.tioii of the I xsrntiTE 
in assuming the expenses ot the Chieiig^o ineeting, the distribu¬ 
tion of tbe printed papers, ami a]»i>li(yition Idaiiks for new 
members, tbe meeting adjourned. 


I CoMMUNICA'I’Et) AI'TElt All.lOCEN'MES'l' I!V Mu. (JaKI. K. 

MAcFAimEN. I 

Tlic paper of Mr. A. J. Wurts on Discriminating Idglituing 
Arresters has been of uiiusnai interest to me, especially in refer¬ 
ence to the action of inductive resistiuice iii producing discharges 

at certain given points on a line. 

An experience of mine severtil years ago for winch 1 have 
heard Bevoral explanations from various experts may he of 

A railroad company having a large terminal station in Chicago 
obtained current for lighting the same from an office building 
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near by, whicli contained a plant consistinoc of two Edison dyna¬ 
mos connected to a tliree-wire system. The dynamo bearings 
were lubricated by means of a running stream of water from the 
city water system, thus grounding tlie dynamo fnimes perma¬ 
nently. The otRce building was so located, that there was Imt 
about 80 feet of each of the three-wire feeders exposed to the 
weather; those l)cing between the office Imilding and the metal 
train shed of the terininal station, and placed about 20 feetal)Ove 
the ground. 

Tlie ohmic resistaiu-e to ground of the wiring under the train 
shed was not 20,000 ohms,‘but the insulation on the dynamo con¬ 
ductor was always high (over Ut megohms) althongli the actual 
l) 0 (hi of insulation was, of course, (|nite thin. 

To facilitate lamp testing, etc., tlie three main wires, as they 
left the office building, and tliese tliree connecting wires were 
connected to an old fashioned three-point telegraiih liglitning 
.arrester, using a number ot tliicknesses of lieav'y paraffined pajmi* 
as insulatioir between the gi-ound plate and the three connection 
plates to which the wires were attached. The lightning arrester 
had been put up simply to furnish a ready means of testing for 
grounds, but the first lightning storm punctured the paper under 
two of the three plates. Owing to tlie fact tliat several very 
high buildings were .situated in tfie immediate neighborhood it 
seemed at first an impossiliility for lightning to have punctured 
the paper. 

The resistance to gTouiw] tliroiigli the lamp wiring was low, 
and the .thickness of armature insnlation wan; bo small, tliat either 
path Beenied preferal>le to that th.rough tlie liglitning arrester to 
ground. NeverthelesB, the j)aper in the arrester was pniictured 
a number of times during succeeding lightning storms, and the 
whole affair had assumed a mysteriohs inspect, aud lightnin|L; ar¬ 
resters were considered a Tie(?essity in the dynamo room from 
that time on, and to this day they have never liad a discharge 
pass through them. The reason, in tlie liglit of later develop¬ 
ments, will be afiparont. 

The high potential disruptive currents on the low pressure 
conductors, were without doulit due to the inductive effecr-t of 
neighboring liglitning discharges thi'ougli the air. 

And tlie d^uiamos were protected fpiite tlioroughly by tlie 
large number of bends and crooks in the wiring between the 
exposed conductors and the dynamo (23 right angle turns and a 
spiral of several turns in eacli wire.) 

The discliarges to the poorly insulated wiring were also pro¬ 
tected probably by several riglit angle bends in the wiring as it 
entered the train shed. 

The discharges obtained at the improvised lightning arrester 
did not pass tlirougli any of the bends mentioned, but had a 
direct patli to ground through the paper whicli it punctured. 
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UNIPOLAR DYNAMOS FOR ELEOTKIO I.IOMT AND 

POWER. 


BY FliOF 


K. B. CKOCKKli AND C. II. FAUMLY. 


I NTliUBUCn’lDN. 


The object of the present pajier is to mil iitteiition to the fact 
that unipolar dyuainos and motors are much more practical and 
generally aiiplicahle than is ordinarily supposed to lie the case. 
The term unipolar dynamo is here used in its ordinary sense to 
designate a machine in whicli eleetri<i currents are generated hy 
the contin uom cuttimj of lines of force. 'I’liese machines are 
identical in principle with the original disk numhine of h'araday. 
The term unipolar is hy no means satisfactory, hut is almost uni¬ 
versally used in eonueetion with machines in which the magnet¬ 
ism in the armature is not reversed by the rotation of the latter. 
In this hroa«l sense, however, it is also used to itudude. machines 
of the Mordeyand other types, in which the lines of force always 
I>ass through the armature in the same direction ; hut in these 
machines there are separate poIe-[)ieces and the lines of force 
vary in the armatare just tlie same as in the ordinary liijiolar 
ami multipolar types. Moreover, machines of tliis kind usually 
have their armatures wound with many turns of wire, they re- 
<{uire a commutator in order to generate direct currents, and are 
radically different in principle from the continuous cutting ma¬ 
chines which are the subject of this paper.' The term “ non- 


1. Thp term miipoJar is also applip<l to the Ball dynamo* but this also acts 
like an ordinary luiiolar machine, except that the ma^netie eireiiit is completed 
through tlie air and it: is no sense a “ (‘ontinuous cutting nuiehlne. 

400 
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polar ” suggested by Forbes is preferable to unipolar, but it is 
rather meaningless and is liable to be understood to mean any 
kind of iron-clad niacliine. Unipolar dynamos are also called 
disk or tid>e inaciiines since the annatuni is usually made in one 
or the other of these forms. Neither of these terms, however, 
covers the other, and they are liable to be confused with othei 
types of machine similar in form but difEerent in principle. I he 
writers of this paper suggest uovs pole dynamo as a good 

name for this type of generator. 

lIlST()KI CA I. N O'r KS. 

Tlie tirst machine of the unipolar type was Barlow’s Wlieel 
described by him in 182M, and consisting of a star-sliaped disk 
with long points revolving l)etween the poles of a magnet. A 
current was ])assed through the particular portions of the disk 
betw’een the poles of the magnet, and the disk was thereby caused 
to rotate. This apparatus was, therefore, the first unipolar motor. 
Faraday's disk machine, constructed and describe<l by him in 
1831, was the prototype of the dynamo and was also a unipolar 
macliine.-’ lie also made an api)aratus working upon the same 
principle but consisting of a (M>])per cylinder suspended over, and 
revolving around the [>ole of a bar magnet. This was the tirst 
form of tube dynamo." Fa,raday (iven at that early time a|>pre- 
ciated the difficulty of obtaining a sufficiently high lo. m. f. from 
generators of this type, and attempted to attain it 1)} having 
several disks placed side l)y side and revolvmg in opi>osite diiec- 
tions. Similar ideas have been re-invented time after time, and 
even at present it is a favorite field for invention Ion* many 
years after Faraday’s <]is<*overies the unipolar machine was almost 
neglected, progress being in the direction of machines having 
many turns of wire in the armature to obtain a high e. m. f. In 
1878 Siemens constructe<l a unipolar machine with a tube anna- 
’ ture of considerable size for actual <*,ommercial use in electro¬ 
metallurgy. Delafield showed at the Philadelphia Itilectrical Fx- 
hibition of 1884, a unipolar dynamo of tlm tube type winch 
generated a current of few volts and a large number ot amperes. 
Forbes has also constructed and described unipolar machines, iu 
whicli the armature is in the form of a cylinder of iron revcdv- 
ing within a field magnet winch completely surrounds it. The 

2.’ Experimental Besmrehefi^ vol. i., art. Sti. 

Loc. (Jit., art. 2ill. 
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meetok,al and magnetic design of 

ions, and from the in-aotical standpoint .t was ' ^ Thi h' .dH’sl 
proveinent npon anything which piecei« .• 1,.,, ,.'j,,.,.,, 

15. M. F. obtained from tliese luacliines, appoau 
about 6 volts, and nothing fnither has been henn mg 

them for several yeai-s. The complete neglect 
type of dynamo has now fallen, is best proved hy tlie l.el I h.H m 
example of them was shown at the Chicago Expo.Mt.on, In la.-l 
it might be said that their present impoi-tainie .8 ..etm.lli <o;/.r 
tme, since the only attention which lias hoeii givou <«» •* > 

consists of a few articles on “ Uuipohn- dynamos winch do no 
work.” that liave appeared in the eleetncal jonrnals dining n.. 
past few months. 


Gknekao Fjii NCI pons. 

The action of unipolar dynamos, is hiiseil upon the im-l lliul a 
conductor moving in a magnetic held so as to cut lines ot lorc«‘ 
will have an e. m. f, set up in it whether the Held In* uniform m 
intensity or variable. The error is very eommonly made t.f sup. 
posing a mriatwn in the number or density of tlu* lines fd toree 
is necessary in order to jiroduce a current by magneto eleelrh- 
induction. As a matter of fact, however, an e. m. v . must always 
be produced if any Hues of force whatever are e.ut. It may 
happen, aud in the* case of a aoU of wire it usually does happen, 
that lines of force are cut in one direction l»y one portion of tin* 
conductor, and in the opposite direction by the otluo* portion, in 
which case one effect neutralizes the other. The simplest ex-^ 
ample of this is a closed metallic ring moving perpendicularly to 
the lines of force in a uniform Held. In this case one-halt 4»f 
the ring generates an e m. f. in one direction ami the other hull 
in the opposite direction, so that no mvrmt is prmluccd ; hut the 
full difference of potential corresponding to tlie numher »d‘ lines 
cut per second, will nevertheless exist between the two sides of 
the ring. 

In the unipolar dynamo or motor, a variation in the lines «»f 
force is not only unnecessary but is positively ohjeetionable, 
since it would cause serious losses from eddy currents and hyster¬ 
esis, whereas if the field is perfectly uniform these losses ant 
practically avoided. 

Any break or weakening of the intensity of the Held due to 
“ blow-holes” in the casting, for example, would allow' the Hritm- 
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tutv fu Hhivv l»!U*k at that jxiint, and would act as a sort 

i)f sliort-eirauit on tla* ivst of tlu; arinature. Forfxani|»h*, in Fi^-. 
1, !»*( A A n'prosoni a disk arniatun* revolvinii* upon a .shaft s. 
Tin* Hold is of imiforin inliMisity and ar» lapnil k. m. k is ijtnn** 
ratfd at taiidi radins. as indiiailed liy tin* arrows, oxaopi tliat tin* 
portion II id' tin* armatnri* is in a wt*akt*r tiold. in this naso tin* 
nnrront will flow baidv thronii'h tin* portion i:, as itniirattal l»\ 
tin* arrow, and tin* arniatnn* will ho lilo* a shoiM oiri'nitial oin* of 
tin* onlinarv kind. This hark onrroni will Ilow and prodnn* 
hnatini'’and los.s ot onoryfy, o\«'n Ihoniih tlu* «*\tt'i*nal oinant In* 
op«*n. 


/ 


( ' 
I 

t t / \ 


Fui, 1. 


Iti.Hidst* n nointnon nrror in rniiaril t«» unipolar ntaiddin*s, to 
siippo.sn that tin* nrinaturt,* ('unnot In* iiiado of irtui. As u iuHtt<*r 
of taut, u’on or .st»*ol i.-^ UHititlly ho! tar than <'opp<‘r hrrausn it is u 
iimrh hottor conduidor of nia^notisin, and tlin ivlitofaiirn of thr 
ina^nt'tif' oirruit nun ho roduwd far holow what i.s po.s.Hihh‘ with 
a c*oj»]Hir nrnmtniis tht* only air-jufaps hfiiiu: tin* small inwhanical 
«di.*araii(.a‘.H r(‘i|nir<'d tor fron rofation, A shad or wroun^htdron 
arinatiirt? is murh .stroii^nr than om* of ropjMn*, not only on 
arrount of its groator strrn^th for thn saitio tliirkinws, hut jilso 
hfc^msn it can ta; mudo murh thirkor witlnait rausinj^ any aippro* 
t'iahh^ incrffis(‘ in tin* rrluofaniu* id' tin* rnagiadio idiauiit, wdinmas 
a roppm* urtiiuttiro would lutvi* to hr mndi* vary thin. Tin* 
grtaitrr spruiln! resiji^tiinrtj id' iron h iiot olijrtitiotmhlff, sinnr un 
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ai*niatm*e comjjosed of it, would have a currei^'*' capacity far 
greater than is required, and the thickness can increased to 
make up for the higher specific resistance. 

Methods of Multiplying the e. J?. 

The plan suggested by Faraday, was to have two or more 
disks side by side revolving in opposite directions, the edges 
being connected together by mercury or other contacts so that 
the current fiows outward from the center to the periphery in 
one disk, inward in the next disk, and so on in series. In this 
way it is possible to multiply the voltage as many times as there 
are disks, but there are obvious mechanical difficulties in rotating 
these disks in opposite directions, and the numerons electrical 
contacts would be decidedly objectionable. Hundreds of modifi¬ 
cations of this idea have been suggested; for example, Siemens 
in the tube machine already referred to, multiplied, the e. m. f. by 
.splitting the tube longitudinally and placing rings on the end of 
the tube, so that the current was carried first tlirough one section 
of the tube, then through another, and so on. Xn tliis way the 
circuit may be threaded thi'ough the magnetic tielcl a number of 
times, each time a certain e. m. f. being added. A.nother plan to 
accomplish the same result would be to have a nnmher of thin 
tubes placed concentrically one within the other*, but separated 
by a layer of insulating material, and connected so that the cur¬ 
rent pa.s8es first through one tube, is theu carried around outside 
of the machine and is passed through another txxbe, and so on 
through all of them in series. 

There is no theoretical limit to increasing the voltage by some 
.'sUch method, but practically auy of these constructions would 
have very serious, if not fatal, mechanical and electrical difficul¬ 
ties. It would seem to be fai* preferable to construct the ma¬ 
chine of sufficient size and run it at sufficient velocity to get the 
lequiied voltage without complicating the construction. There 
is no objection, however, to connecting two unipolar machines in 
series, both being driven, for example, by one engine, which may 
be belted or direct coupled, and there is no serious complication 
involved in operating four or even more machines in series. The 
first cost and attendance required would probably be much less 
wnth four unipolar machines than with one direct cii rrent machine 
of the ordmary type and of equivalent capacity. 

One convenient way to mnltiply the voltage of a dynamo 
wonld be to charge a number of storage batteries by means of a 
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l.»\v luarhlm- of, ^av, |tt or 2ti volts. Whoa olmri'cHl, 

thosf baltorios iMtiihl In* oonaootofl in sorios fo «sivo uuv dosimi 
i:. M. F., Iir. or volts for oxaiaplc, and the actaul workiiii; 
«'Hir»*at woidd hi' su|ij»Iiod hv ihoui. I'la* <*harj 4 ;ino' ooald ht^ 
doiioat hoars whoa tin- carivat. was not iv.|air»'d, or t wo hatha-iVs 
roald hr usrd ultrinufrlv f»i oivr an aaiairrruptrtl sapjdv of mr- 
irat. la this wav two udvaata‘^r.> ciaild la; ri’aliznl ; lirst, ilir 
••hoajmoss and siaiplioity .d’ tho aaipojar dyaatao, and, srroa.l, 

I hr naijortaity oj hiavl with whirh fin' raiiiao and dyaanioroald 
hr run. 

I’liAoTa-Ai. Dkmos. 

It Is ai»i dillioult to *frl ap otaapliratott puzr.h s in roaarrtioa 
with {it‘ra!iar hu’at.s of unipolar aiaohitirs, lair ia thr siiuplr and 
prohuhly tin* *.aly praatiaal foruis, wt‘ laivr a sia^dr stralijhi i-oa- 
<la<‘t<»r w liii'h »aifs all tin* Uars td flu* aiaijai'fir lirld oarr pi*r 
n'Volutioa. in thr rasr td’ llu* disk aairhiar wrraa ••oashlrr aav 
radius of iho tlisk as uoastituliuj^ tlu^ «*oaduot*<i, and ia rhr <Msr 
id' tha tuha laaoliiar it is any rhMartd of ihr rylia«|rr. 

Thr throry of thr amo:artir rirriiit is now wrll aadrrstood. 
lual atodria prar.tirr ia fhr tlrsit^a o( dyaatao.’and aadtirs fallv 
appmualrs tin* advaata^rs whirh rr-^-ah from aiakiujLr thr ratio 
hrtwrrn thr IrUjudh of fhr tiatj^arlir rirruit atal its rro>s srrtioa 
a latuitaiita. Iti a uaiptilar dyaatao, this miartltui i»f thr rrlur- 
taarr of thr rirrttit ran hr ran ii'd farthrr than ia any i»lhrr rinss 
ol ainrhiats, hrrausr thr rrrutioa of an rirrf roamtivr forrr hv 
thr roUtnaiuus riitlia|i' ol flat Itatts ol lorrr, rttahlrs a form id 
ajiij^artir rirruit to ho rmp|t»y«ah whirh ia rhr liiirlii'st drirrro 
roaihiars thr ailvantat^rs of minimum Irnirth with maximaiii 
rross srriioa. rids typr of magartir rirruit is thrrirralar rin;*'; 
for d wr surroatal a rirridar roil a a of wiri* «*ai*rv‘iaj*; a rarrriit, 
with two rirrulai’ ritijijts of si.uia rirrular r.ross»,sooiioa, as shown 
ia l*i^. IJ, Wr shall lorai a rIoHrd muj^artir rirruit of ainxiaami 
iadartton for miamium rxritalioji, (’tit thi« rirruit aloair any 
radius id' flir rirridar rroHs.j*,.,.tion, and a tmi^^artir tirld is oh- 
iuiiird la whirJi, i! an iadurfor hr rofstfrd ahmit a \ as uti axis, 
thrrr will rf?i?tdf a roatiauoiis mittiiiir ..f thr Jtiirs of forrr. whirh 
oidy rri|uirrH that appropriidiMifdlrrliirs hr providrd to fonii a 
rioscal tdrrtriral rirruit. ia ordrr to phiriirr a rarrrat of rirrtrir 

ity, Thr magartir rirruit i« iadiratrd liy dottrd rirrlrs with 
nrrowhruds. 




412 CBOCKEB AND PABMLT ON UNIPOLAB D YNAMOS. [May 16, 

There are, however, but two directions in which the magnetic 
circuit can be cut, so as to form a field suitable for practical use. 
One is along the radius c d, in which ease the inductor will 
rotate in a plane perpendicular to the axis, and the other is along 
the radius b d, in which case the inductor will move in the con¬ 
vex surface of a cylinder whose axis is the axis of rotation. In 
the first case the armature of the resulting dynamo will be a 
disk, and in the second case a cylinder. In both, the way to 
collect the current would be to provide one set of collectors at 
the edge of the armature, and the other set at the axis, thus 
utilizing the shaft as a portion of the electrical circuit. The rel- 



Fig. 2. 


ative advautages and disadvantages of the disk and cylinder 
forms, depend upon circumstances in each particular instance. 

In many cases the single magnetic circuit, shown in Fig. 2, is not 
the best for practical use, because it would be necessary to make 
the diameter of the ring larger than it would be if two rings 
were placed side by side, as shown in Fig. 3 and Fig. Y, since 
in this type of dynamo we must depend wholly upon the total 
magnetic induction and the speed of rotation, to produce the elec¬ 
tromotive force, as it does not appear to be practicable to greatly 
augment the voltage by multiplying the number of inductors. 
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AnutluT j'ojisitliTjifi»th t»f iiiijHirluiKM* is tin* vohiiiu* i»f ilm 
Il is rliul ujiv I’iMjuiriMl aivtj t»r jnt|i* surluw <‘jui 

lu* j(ri»\ idfil, l»v tlu* (iiaiiu'tcr «•!’ flu* jatiu' <M»iishiii(, 


ami vurvinu- fin* rmliim ul' fla- .aiviilar fn».-:s.M-<«li»iii lH*f\vm*ii 


tain liinils, «.r In ktM'jMiiii- this nulius »-tmstaiii ami vurvinjr rlit* 
iiitMii *iiitiiu‘tt'i ut tliv \\link* rin^. It is iniiliMit that tor 
aiiv jtarrii'ular ff.niirml .aiva of pojr surl'an*, anv tlcfiaaiM* in the 
iimaii ilianu'tia* h 1 tlu* riiitj’ iH’ijiiiros ti {•orrt'sjiomlinjir ima'cast* in 
(In* nulim of tin* I’irmilar fiatss sforimi ami vvV/ ^ In Fin. i 


lt!f tlu* iarclf wliosi* nuliim is »' ami tlm 


• lisfaiuM,! ut \v 1 ji*s(,‘ 


from tin* axis ol x Is /<, rovulvo aixiuf 11ml axis ^Ttmratiiiit^ a vol- 
mm* of rnvululiuii. Tliis volunm forms iIn* lirltl majrm*i. ami 
roiilniuH m-ai'K all tins wniirht ami a lariio pari of fin* «*osf of fin* 
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immliim*. This voiiiim% whirh is an unnitl»s» nmv !«• ch«t«*rrinin'«l 
)i,V tin* mmlroharin nnsthml* m*non|in^ to w hinh a volnnn* of ivv. 
oliiliiin iKmpiul to tin* gnnnrntitii^ umt iimltipliml In* fla* ♦•inaum 
fnrnnm* ilnsnHhmi In* tls m-nfm* of gniviU’. nnina* tlm volunm 

V l! 17' /f. ^ | J 

Tim fimtors /• nml /# tinmf huvi* nnrtain valufs iti mahT to pro 
•Jm-i? tlm rmpiirml i:. m. k, tlm hiftnr Iming wsunUjt* fho tlntinito 
ohjwcf for whifli a tl^ynumo t« tiosignml. 'I’hr vstltms of /• uml A 
ant foil mi sm folimvs; 

Lnt /i* US tlm rmjwirmi <‘k;ntromoiivo fomn nxprossmi in v»»lK 

Lnt « tlm fiiinilmr of rovoliitioim pnr iiiiiitittf. 

ia*f, // ;:r. thn tniinlmr of iiiHgimtk* linos |«‘r sipiiiri? luolt. 

Imt .1 is thtt iintiihor of irnrluw tif polo sttrfitm?. 
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Let r = the radius of the circular cross-section of the ring 
expressed in inches. 

Then because the two rings are wound so that the electronio- 
tive force due to tlie field of one is added to that due to the 
other, each ring most be designed to provide enough lines to 

generate only f volts. This recinires that f X I'l" lines must 

be cut per second, or f X 10‘ per revolution. Hence tlie 

number of square indies of pole service needed is 

= ( 2 ) 

n B 

As shown in Fig. 3 the core of the ring will be utilized for the 
exciting coil, and for simplicity of construction we shall make its 



0 X 


Fm. 4. 

cross-section square. It is desirable to keep the size of this 
square as small as possible, because any increase in the length of 
a side increases the diameter of the circular cross-section an equal 
amount, and, therefore, enormously increases the volume. 'But 
this square cannot in practice be made indefinitely small, because 
too great a concentration of the lines immediately surrounding 
the coil must be avoided, and space enough provided to give 
ample excitation. One-half of the radius appears to be a length 
suitable for the side of this square. Keferring to Fig. 5 we 
aliall then have an area of pole surface. 

A — ^ Tch % r. (3) 

But we have seen in equation (2) that we need an area equal to 
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0() v' lO® 

. - 1 , hence coiiatinij: this with tlio ahove value of A we 

n B 


have 


2 7r h I /• 


3<» /i'X 10** 

. B . 


The ratio between h and r wliich seems to last 1‘iiltil the con¬ 
ditions of good <lesign is h 2.5 /•, Making tin's snhstitution 
above and designing so that 2 A enuals tlie outer diameter P of 
tlie armature, we have 


/) r- Hf V “ 

t: // li 


(4, 


wlucli shows that tlu^ dimensions of tla^ maelnne are directly 
proportional to the square ntot of (lie require<I e|t‘«‘tromofive 
force, and inversely proportional to the square ro<.ls of the speed 
and of the magnetic induction. It is to l»e further observed 
that since for machines varying widely in tludr out|iuts // is 

nearly constant, the most imporlant ratio in equation (4) is 




Xu the desigti (d’ a machine for any special voltage, li«»w»‘ver. A’ 
isiixod, an<l, therefon', the only arbitrary qmmtitv is „ ; so that 
the whole problem is t«t detmanine the values of /> ami // which 
give the best design. 

Let'/; the peripheral speed in fei‘t per second, tlnm we have 

. - » 

72<» ’ 

whence 

72tt /• 

(5) 


1) 1, 


Substituting in this eijuathm tla* valm? <d' 1) given by tHjitallon 
(4) we liavct 


and 


/I * f* 

n (l.tHttHHISOj', ** 

K 


(<5( 


P 


!(»'' A* 


:ul c //’ ‘ 

from which the v'alues of P and u laiii be immediatelv detm** 
mined for any pres(;ribod values of A’ /X, amJ c. 

The maximum velocity in feet per secmuL wliieh the rim of a 
fly-wheel may with safety attain, is given by the; eijuation' 

V ‘A ^ f 

1. riuu’stou. Mhtmnlnf Um HUtim JEnnitu, Part ii.. Art. U. e, 4‘Jt;, 
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where t is the safe stress of the metal in pounds jier square inch. 
If the inductor be of wrought iron or steel for which t — 10,000, 
we shall have v = 300; and if of cast iron for which t = 5000, 
we shall have -y = 210 nearly. The much higher permeability 
of cast steel over east iron, and its comparatively small additional 
cost make it the metal most economical to use, and we shall, 
therefore, assume that the inductor is either of wrought iion oi 
of cast or forged steel. Hence making ^ — 300 in equation (5), 
we find that the maximum value which the ]3roduct D n can 
attain ie, D n = 68,750. This then is a condition which must not 
be exceeded in order that the design shall be mechanically safe. 
Making 'w = 300 in equations (6) and (7) we have 



Fig. 5. 


and 



10 ’ 

108 B 



If the armature were made of forged steel it would be allowable 
to assume t to be as high as 20,000 since the armature is entirely 
enclosed and could do no harm even if it burst. In this case 
V = 423. 

We have now obtained data for finding the number of ampere • 
turns required to produce the necessary excitation. As a firet 
approximation, and to enable us to determine the general condi¬ 
tions, the cross-section of the ring was assumed circular. In 
practice, however, this form of section must be modified, for a 
reference to Fig. 2 shows that in order to give the same area of 
cross-section perpendicular to the direction of the lines of force 
at D 0 and t> f as at n b we must c^use the cii'cular cross-section 
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to bulge out on the side toward the axi.s and etnitract on the aide 
away from the axis. 

On account of the dimimitioii of cross-secfion due to tiie air- 
gap and to the holes fortlie hrnshi'S, it is found iieee.ssary, how¬ 
ever, to preserve for the outer portion of tlie ring a seuii-eireuhir 
cross-section, and it ultiniately assumes the form shown in 
Fig. 6. 

Tlie mean length of the magnetie eirenit is. therefore, the 
length of the semi-eindo a h e jdns tlie length of tlu‘ curve it tlc. 
Assuming the total air-gap to lie .()«> j /> we have tlm data for 
determining the am]>ere-turns reijuired. 

The amount of current which the dynamo can generati* is de¬ 
termined by the carrying capacity of the armature and brushes. 


F 



no. (K 


Since .2 1) may be aKsumed to be the thick ucsh of the induc¬ 

tor, we have for the curnmt.enrrying er<»ss-Heetion of tin* urma- 
tiire 

.2 ,T 

square inches. Since iron or steel would carry at least 200 am¬ 
peres per square inch the current capacity of the armature is 

O ^ m.l 1)1 ( 10 ) 

which at A* volts gives the capaiu'ty of the maehine in watts 

125 . 7 /^/;! ( 11 ) 

To show the application of these fornnihw to tAVo widely dif¬ 
ferent classes of machines, let. it he recjuirefi: 
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First. To design a belt connected djnarno to genei*ate 10 volts 
at 1,200 revolutions per minute for electro-metal hi rgical pur¬ 
poses. Making field magnets and armature all of cast steel, and 
taking the induction B at 90,000 lines per S(piare inch we have 
fi-om equation (4) D — 24.28 = diameter armature in inches. 

Second. To design a direct connected dynamo to genemte 130 
volts at 200 revolutions ])er minute for liglit and power purposes. 
As before we have 

D = 214.4. 

These figures show the immense possibilities of the unipolar 
dynamo, possibilities so imraense indeed that the practical difii- 



Fig. 7. 


culty is not in the design of the dynamo, but in the design of 
the steam engine. Two machines like the last, coupled at the 
ends of the shaft of a lO0,000 h. p. engine would supply more 
current than is at present consumed in any two cities in the 
world. Nor is the excessive current a disadvantage, for while 
we would point out the tremendous capacity of one of these dy¬ 
namos, there is no necessity for running them at their maximum 
■output. Even if we diminished the current to one-hundredth 
its ultimate value, and only use a 1.000 u. p. engine to drive the 
'dynamo, the loss due to the resistance of the armature will still 
be only four or fi ve per cent. 
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oi* siipplviiiu' cun-ont for liglit uiul 
power, however, MN)nl(l ho to <le.siirii uuii>(»lur dynamos of los.s 
current capacity and loss volta^^i?, and tluni join iii .Korie.s on the 
same shaft as many as are no(‘dod to produoo the rotpiirod oloo- 
tromotive force. For oxainplo, wo may ^^onerato Flo volts f»v 
joining in serie.s on tlio same Indt-drivon .shaft two dynamos oa»-h 
giving 05 volts at SOO rovedntions por niimito. 

The dimensions will ho as follows; 

I) = 75.81, 

Kimning thi.s oomhination at ono-tmith id’ its ultimate oapaoity 
by means of a 1,^50 n. r. engine, we .should still liav«* a very 
high efficiency. 

Methods (f 'Tnhhuj Of fjo: f V/wv/F- 'rin* best means (»f 
making clectriiial (Mmnoetion with flu- ivvidving armatnro is a 
very important hut sonuiwhut dilliiMilt matter. A great many 
devices have l>een trie<l or snggv.stiMl. 'I'lii* prineipal .d' tln-se are 
brushes of copper gauze (»r eurlam, and nieivury e<.ntai*ts applii-il 
to the edges of the disk or tube. Ihdts <n' strnp.s niaih* «d‘ flex¬ 
ible sheet copjier i»r <!opp(;r wire cable have also heerj usial. Om* 
application (d this latter ilevici* consists in i'itiiiu'i'ting fiigeflu*r 
two armatures hy smdi a belt whi-reiiy tin* k. m. k. of the tw.. 
machines are addeil togctluu’, and, if necessary, th<> mechanical 
pewer f(»r driving iuie or hid,h machines can Im lran.smitti-.l by 
this same belt. There wonhl imt wem ttt ht* any great diflienlt’v 
in applying hrnshe.s to a unipidar ilynaiui*; in fa<d bn-a given 
current it would seem to he a nimdi easier priibhan than with a 
direct current machine having a ciimmutabir, sima* the fi>rmer 
has a continuous ami smooth luairing surfata* for tin* brushes in¬ 
stead of the .siunewhat uneven surface i>f copptu* and mica which 
exists on a commutator. It i.s a fact that the specil may he very 
high, but with the perlectly smooth surface and by tlin use of 
brushes with light pressure, and Ciunposinl windly or partly <if 
piphite or some friction metal which might even he lubricabid. 

It would appear to be possible U> take off a current suflkdtaufc for 
almestany electric light or power use. If the very Idgh speed 
makes the friction too groat to permit of the ime of hrushes, the 
cage of the tube or disk may bo arrauge<l to run lu a mercury 
trough, thereby making a good eleetiicul contuet with very little 
friction. In this case, however, provision .should be iiiude to 
prevent the mercury, from being thrown off hy tseiitrifugal force, 
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as by the use of a guard ring extending all around the edge of 
the tube or disk. Another device would consist of ball bearinga 
applied to the shaft or to the periphery of the disk or cylinder. 
These might perform their ordinary mechanical function and alsa 
serve to take off the current. 

Method of Drimng .—There are various mechanical arrange¬ 
ments available for connecting a unipolar dynamo to the source 
of power. The simplest would be to connect the dynamo to the 
engine by means of ordinary leather belting, either with or with¬ 
out the use of a countershaft. In this way a high speed can 
easily be obtained if desired, and is perfectly permissible since 
the solid disk or tube of steel which constitutes the armature is- 
capable of a much higher speed of rotation than the ordinary 
built up form of armature now used. It would probably be safe 
to have a solid steel armature run at two to four times tlie speed 
of the ordinary armature having the same diameter. 

If the dynamo be directly coupled to the engine, the speed of 
the latter and the diameter of the armature may be most econom¬ 
ically proportioned to give any desired voltage by the application 
of the previous equations. 

An arrangement which seems to possess great advantages 
would consist of a steam turbine running at 10,000 or 20,000 rev¬ 
olutions per minute, which is the ordinary speed of such ma¬ 
chines, directly coupled to a unipolar dynamo. These two 
machines seem to be admirably suited to each other, the very 
high speed of the turbine compensating for the fact that there is 
but one inductor. This combination entirely avoids the necessity 
for reducing the speed of the engine by gearing which is done in 
the case of the Laval turbine, or the risk which is involved in 
running a wire-wound armature and sectional commutator at a 
speed of 10,000 or more revolutions per minute, which is the 
plan adopted with the Parsons turbine. 

Ad/ocmiages of TInvpola/r Dynamos amd Motors .—The great¬ 
est advantage of the unipolar machine is its extreme simplicity.. 
Its armature consists of nothing but a solid cylinder or disk of 
steel, or other suitable metal firmly mounted upon a shaft. We 
have only to compare this construction with that of the ordinary' 
armature consisting of hundreds of pieces of sheet iron bolted 
or otherwise held together to form the armature core, and wound 
with a great many turns of wire or bars of copper which have to 
be thoroughly insulated from each other, and which are not very 
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securely held in phieo. In addition to tlii.s we have the coininu- 
tator, consisting of hfty or more sections ot copper separated hv 
strips of mica and held togetlier l»y nuts, etc. 'riu‘ electrical 
connections between the armature and commutator alsi* add to 
the complication. In short, it would he dillicult to lind any two 
pieces of machinery in which the contra.st Ix^tween simplicity and 
•complication is greater. The construction of tlitj lield mlo-net 
and the rest of the imuddne is also very sirnpie. The cliiidna- 
tion of the commutator, although already mentiomxl in eounectimi 
with simplicity, is nevertheless an e.'^iseiilial refUnrciif this typv? of 
machine, and is a great advantage. The almost intinitesimul 
armature resistance of thc.se nuudiines is decidedly a<lvautag(a»us 
not only in increasing otlicjicncy and decreasing heating, hi7t alsi! 
because it causes the machine to regulah; more (do.s<*ly either a.s a 
dynamo or as a motor. According to all aceepttid theorii's there 
would be no hysteresis in the.se machines, la'eau.sc both the arma¬ 
ture and lield arc always magnetized in exactly the .same dir«?ction 
and to exactly the same intuusity.' b'or similar reason.s there 
would be no foucault curr(!nts, .simu? the i*;. m. gem‘ra((*d in unv 
element of the armature w«»idd Iks <'.xuctly e.pjal bi that genernted 
in any other clement, and tlnu’c could be no femlency to produ<*e 
•eddying currents. Tin's perfect uniformity <»f tin* magnetie Held 
is secured by the construction which should be tixactlv"svmm(‘fri- 
eal, the air-gHj) being precisely the. same at all pcu'nts. 

riie question of armature n^aetiim is .souujwhat «h>ubtfid since 
some authorities state that it is fptite <ionsl<ierable, but in the 
opinion of the authors it is very small and certaitdv' uo greater 
than in other types of macliinc, The armature (•onsi.sts <rf only 
a single turn, (auisequcntly the ma.ximum magnetizing cilect of 
the armature in amj)er<;-turiis is numerically equal to its cuiTent 
capacity, and since the ampere-turns on the tiehl would la* made 
considerably greater than this, tlie armature* reaction cannot la* 
great. ^ It is interesting to consider how urmatun* reuefion (run 
•occur in such a machine. The |>rol)ahillty i.s that it has the ellect 
of curving and slightly lengthening the Hues of fom* so that 
they do not pass perpendi(rnlar]y from one pole surfueo to the 

« iT have a spiral path in the iron since the 

held current tends to yu-oduce lines of force in planes pa**.H'ng 

through the axis, and the armature (mrrtmt acts at right angles! 
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producing an inclined resultant. There can, of course, be no 
change of distribution of magnetism as a result of armature re¬ 
action, which is the really objectionable effect that it produces in 
the present types of machines, and in the unipolar machines 
there are no back ampei'e-turns, and no magnetic leakage. 

In conclusion we may say that unipolar machines are practi¬ 
cally indestructible, since they are so simple and so strong that 
they are not likely to be damaged mechanically, and it is almost 
impossible to conceive of one being burnt out or otherwise in¬ 
jured electrically, since the engine would be stalled by the enor¬ 
mous current before the armature could be fused by it. A 
machine possessing all these important advantages certainly de¬ 
serves a prominent place in electrical engineering, whereas it 
now has practically no existence whatever. 



I)lsi!(:ssi<iN. 

MiJ. Cw\Ri, II KiiiN(i:—Prof, (/i-ocker lias wttrkcal imt the shape t»f 
the field theoretically, Imt in practice 1 think it (a.nhl 1m; changed 
to advantage by making the polar siirfViccs at air-gap a little lai^er 
than hesnggeste(l, liecause by far the largest part of tin; reluctance 
of the magnetic lield lies in the air gap, even if an in»n armature 
is used. 

Prof. Crocker sjaaiks of the reaction of the armature as not 
mterfering appreciably M’ifh the (iehl; in this I think he, is no 
doubt correct, as tlie rtaurliiai «d‘ the armature will simply .shift 
tlie lines of force and perhaps make the magnetie eireuits longer, 
but it will iu;t make the li(;ld ummiform. Put it is dilVereiit with 
the currents from the brushes to Ihe outside of the maehiric; 
unless these currents are led mit perlVetly evenly through a disk! 
they will produee an irregularity in the lield‘ which will cause 
foucault cuiTcnts in the armature, as Prof, (h-oc.ker stateil in the 
beginning of his paper. I tbifd< one of the dillic'ultie.s in the 
working of such machines li(?s in this irregidar shifting tif the 
fields due to the currents in the leadingdiit. lines. AfMait ten 

T .A.* 


years ago I, suggested that this might Im; partially overeome by 
leading the wires out in the hu’m of a s{»iral in the plane of the 
exciting coil, making it a sort of c,ontinnation of flu; field <;oil! 
but I hardly think that it wonhl la; practicable. 

Prof. Crocker has not made any allowance in his theoretical 
design for the open space wliie,l» must he left luair the coil spafu* 
for the brushes. The liruslu's for such a uuudiine. must he qiiitf; 
large and numerous, uml there must he ipiite a large space left 
for them next to the etiil space; this iu turn will change flic 
proportioning of the tiehl. 

Another dilficulty lies in the fact tliat those lirushes must, 
necessarily he iu the inside of the field where tlu'v are not easily 
accessible. Ihc machine innst, therefore, 1 m; designed so that 
it can easily he opened at this iiart, so us t<» get at those lirushes 
without rctpiiriiig too much HKllh,‘d labor and too luaiiy speedul 
^ols; this will ttlTect the simplicity of the machine soiiiewlmt. 
Regarding the term unipolar, I tliink myself that It Is a very 
unTortunatc one, lint there is one way of looking at it wliicli. 
perhaps partially justifies its use. Wc; (‘an imagine unipolar as 
applying to the currentB iu the armature, iu which ('ase it meuns 
a current which is always in one direction as distinguished from 
one which is alternately in two o[iposite directions, as in tlie 
ordinary dynamos. This may s(;rvc at least as an ifxciise for 
the word, even if it does not justify it.s use. Itegardinir the 
raaximutti speed that Prof. Crocker*' has calculated, 1 would 
like to ask whether that is with, or without a factor of safety. 
It It 18 without a factor of safety, it seems to me that the 
diraeiisions calculated in those examples would have to he 
altered quite materially, hecausc in a construction of that sort, 
tile factor of safety is an (Lixccedingly important (juantity, even 
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if it is taken as low as throe, which is rather low for engineer¬ 
ing structures of that kind, it will make quite a difference in the 
size of the machine. 

Peof. Crocker:— I will answer Mr. Bering’s remarks in order. 
In regard to the air-gap I have with me a blue print of a design 
which shows the increase of the pole area as indicated in the 
sketch. A very small addition of material would greatly increase 
the pole surface. The weight of the machine would not be 
materially changed, and all the formulas and relations would not 
be substantially modified. Of course, in starting out, we must 
have a ground work which can be varied slightly, in order to fulfil 
practical requirements. As the clearance is very small and the 
magnetic circuit short, I expect to have sufficient magneto-motive 
force to carry the lines of force across that air-gap even at a high 
density. In regard to the holes for the brushes, and the distiirb- 








Fio. 8.-Cross.section of Field Magnet modiflod to give greater Polo Area. 

ing effect which the current would have where it came out, that 
could be overcome by having it brought out at a number of points 

ini”hrZ7v“?brushes, whidi’ 
mi ht consist of blocks of metal or carbon resting on the surface 

of ion«J or disk, the current being brought out by strips 
through holes in the machine. (See Fig 8 ) 
This trouble, could be overcome by having a coppefband 
around the armature where the current is taken off, wh^k would 
tapfs® collector to hi-ing the current to the brush con¬ 

tacts. Various schemes of that sort will suggest themselves 
O^^course the held magnet has got to be split iforder to getihe 

v mk it would be defiraWe 

to have It split up more or less in order to facilitate handling etc 

tile safe allowable stress is assumed to be 10,000 pounds, that is 
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derived from Tliurston’s work on the 8team Kngine, Of eom-jie 
steel will have a breakin«: strain far in excess of pounds, 

and even 20,000 pounds workinj^ stress allows a factor «»f safety 
of three or four, and eousideriiii*- that the airmaturt! is absidutelV 
enclosed and eoiihl do no harm if it hurst, J think that is suf- 
ticient. Of course, we could make this disk or cvlindt'r of for«»vd 
steel, if necessary. There is nothing to prevent it, tlmugir it 
would increase the cost somewhat. J flunk those are tlie'prin- 
■cipal points yoirmentioned. In regard to the naim^ “ luiipoiur," 1 
think we must accept it, whethm* it is good or bad. 

Mr. Stanliov:— Some time ago I constructed a very siiiiph^ 
machine which porluips might he of interest to tlu^ Institutk : 
reversing the whole design that Prof. Orocker has illu.srrattMl,' 
keeping tlm conductor still, atid moving the mairuet, getting nhl 
•of the outside contact. The trouhle that I foumi In making smdi 
a machine was, that I could not wcu-k with anything like such 

a ‘)heral speed as l*rof. (Jroeker suggests; .so'I took u copper 
, the section of which was, say this (making u .^ketidi), and 
constructed a machine very much'like Mr. Alordey's alternator. 
The copper haiui projecting nhove ami helow the Held wa.s 
permanently connected to one terminal of the circuit. 'J’he 
magnetizing coil was pla(‘cd in tin; cavity here a.s in the Mordin- 
machine, and tlum a smooth stirfai-e brush, running at a low 
speed, kept contact with the interior of the copp(*r hand, and the 
current from the interior eilge of the band was drawn ufV tlirongb 
the shaft of the machine. In this wav I could iimreitsc the sizt‘ 
of the machine very .greatly ami kee'p tlm peripheral contuet 
speed down. Now this is perhaps wvy well, hut what is the n.se 
of it all '^ Why do we want such a uiiipohir mm-him*, wlnm we 
can take a copi)er hand, as Ferranti has dom*, juid sitniiiv saw it 
up as Mr. Mordey has, and take both contuets outside,* ami .h» 
have no sliding eontact whatever. In tins way we gi>t approx*- 
imately the same output from the machine that Prof, (.’rocker 
points out, and haves all the ailvantagi^s of the unipolar liesiiri,. j 
cannot see wliy we want to construct unipolar machines liecause 
they are unipolar. In the Munhw machim* theia^ are no .slidin**- 
contacts. Thetyiajof tlusrmuHiine is ofdy llinittfd hv tlie capacity 
to carry the currents gencratc*d, ami then* is very little artnature 
reaction, and so it seems to im* it would lu« going hmduvards to 
attempt to build a mmHiine with a contact spee'd of rmo feet a 

Mr. Kennkw/Y :—Mr. Clminmin, the paper Is very interestim*' 
because it rcsnscitatee a tyjaj of machine that was sti’pimHed to Im 
^ dead the mummies of Egypt. Some of the ditlicultles which 

peilups he still further reduced by proper inethodM of construc- 
^ n and design. Mr. Stanley has brought up an arguiiicnt 
gainst resuscitating this mncliine, showing that so siinplc a dc- 
partnre from this particular typo will give a high presHuro alter- 
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Dating current generator, but that seems to me to introduce an- 
otlier question, the advantages of alternating vei-sus continuous 
currents. Because if jou were to make a continuous current 

dynamo of tlie same pressure, you would liave to introduce the 

commutator and its disadvantages of cost, maintenance, etc. 
The paper deals with the continuous current generator and shows 
how the commutator can be avoided by utilizing a high per- 
ipheial surface speed. So the whole question at issue is, is it ad¬ 
vantageous to do away with the commutator and replace it by an 
armature of very simple construction, of large diameter, perhaps, 
witli a high peripheral speed of brush contact But there are one 
or two difficulties mentioned here, and which have been raised in 
discussion, that seem to me not so great as they look at first 
sight, hor example, I do not think that any danger need to be- 
anticipated from such a small trouble as a bldw-liole. Those who 
have tried to produce eddy currents in a revolving sheet by 
deliberately making a very irregular field, heavily grooving it, or 
putting cavities in it, will realize how deep the cavities nnist be- 
to produce serious disturbance of that cliaraeter, and the reluct¬ 
ance of the air-gap is usually so great that the difference of 
densitv which is moduced by any local variation on the surface 
18 not large, and still less where the cavities, as in blow holes, are 
hidden from sight. The great necessity of uniformity of the 
field density is only in one direction. I would like to point that 
out on the board (Illustrates.) If you have a disk which rota- 
ting^ m ite own plane, and which is represented by that circle (re¬ 
ferring to a sketch) then it does not matter how the flux density 
varies along any radius, it only matters how the flux density 
varies along any circle. If the flux density varies along any 
circle, then there will be a tendency for the eddy currents to- 
produce themselves. But the flux densities may vary from the 
center to the periphery in the most arbitrary manner, provided 
that whatever variation takes place at this radius is symmetric¬ 
The form of field-magnet which is presented in this paper and 
which Ijas struck Mr. Hering so forcibly, as being unnecessary, 
has probably, ! presume, been introduced with the idea of con¬ 
structing a gigantic machine, because the larger the machine is, 

110 less is the fraction of the total reluctance formed by the air- 

gajD, and the greater is the value of the iron in the immediate 
vicinity of the air-gap. 

I_ piesume therefore that all these designs are intended to be 

used on a very large scale in practice. 

Mr. Stkinmetz -In this problem of unipolar machines we 
have to be very careful to guard against a mistake which is made- 
quite frequently, especially in trying to reverse the action of a 
machine. ^ In an electrical conductor an electromotive force is in- 
duced, if it moves through or relatively to a magnetic field, that is, 
either if the magnetic lield varies in intensity, or if the magnetic- 
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field is constant and uniform, ami tlio conductor moves through 
the field. Now take this unipolar luachiue in Kiij;. 8. ^'here isii 
constant magnetic field, that is, a field wliicli has at any point in 
space a constant intensity and c(»n.stant dire<dion, no matter 
whether you revolve or do not revolve the magnet; hecanse If 
yon abandon this idea of lines of force, which is nothing else 
but a pliysical hypothesis, and go hack t»> the original meaning 
of the magnetic field, as the intensity and the direction td’ the 
magnetic displacement in the ether, yon can find that in the ina- 
cliihe, Fig. M, even if yon revolve the niagmd., the field is coii- 
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stant. 'IhtiK yon can very easily get a macliiim which can never 
do anytliing. Take the maehiin^ that Mr. .Stanhy showed us 
Fig 1). Whether the magnet ainl the magnetijdng coil stand still 
or whether tliey revolve, the intensify and direction of the ina**'' 
netic field at any point is c.onstant. Hence, tlun'c is im k, m. f, 
induced in the. statioimry armatnra c»mdnctor. IStill you get h 
current from the machine. But whores is tlie seat of tlm electro¬ 
motive force ^ It is where the 11 u(s.m of forcts arts cut. That is, 
mmde of tlie revolving magnet, in the line An. 

The very large diameter of armaturtss n(s<*essai'y in a unipolar 
machine is no serious objection ; hocaiisi! in direct-conne<rted 
alternators we have running in this country armatures of I*2 
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feet and 16 feet in diameter, though not with 200 revolutions by 
any means. But where I see a more seiious objection is, that I 
fear the efficiency of the machine will be very seriously reduced 
by the brush friction, because you need an enormous*^ bnish to 
take off the current, and even if you use very little pressure of 
the brush, still you must consider that you have a speed of five 
to six miles per minute or over 300 miles per hour. These are 
tremendous speeds, about three times as high as the highest 
speed reached in revolving dynamo machinery, and about eight 
times as high as the highest brush speed on collectors or com¬ 
mutators. As to taking off the current by mercury contacts 1 
have never tried it myself, but I remember some remarks of 
Professor Forbes about it. He said he had tried it and liad been 
very unsuccessful. His statement was something like this: 
That he could not get any current, because before he could get 
any current the mercury had evaporated by friction. 

1 tried myself some years ago to build a unipolar machine to 
solve this problem of multiplying the eloctrornotive force by 




coiling the conductors, and I succeeded with it. It was very 
successfiil indeed, only when I was through it and saw wliat Hud 
ot machine I got, I was thoroughly disgusted and gave it up. I 
think 1 can show you the chain of reasoning. It is quite inter¬ 
esting in showing what a unipolar machine speculation can lead 
to. I started with Faraday’s disk. Fig. 10. The magnet is n s. 
ilien electromotive force is induced, say in the direction of the 
arTOw. To multiply the e. m. e. I took a second disk. 

JNow, connecting the outsides of the disks with each other, in 
hig. 11,1 could return the e. m. p. of one disk by the other, and 
toereby bring the two brushes to the center, as shown in Fig. 11. 
By doing this, I have to revolve the part of the magnetic circuit 
between the disks, that is, make a kind of an armature, consist- 
mg of an iron ring between the two Faraday disks. 

-Evidently these disks have to be slotted to get rid of eddies. 
But If jou slot them you are enabled to coil the conductor, as 
shown in Fig. 12, by offsetting the slots, so that the circuit leads 
from one segment to the next, and thus you have solved the prob- 
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coiling the conductor in the unipolar machine, but if 
^ at what you have, in Fig. 12, you see it is nothing but 
liar bipolar dynamo. Since that time I gave up trying 
> v-e unipolar machines. ^ ° 

P*:resident I will ask Prof. Crocker to close the dis- 

Ceookeb In regard to what Mr. Stanley has said, it 
that, as Mr. Kennelly stated, it is simply the ques- 
tlie alternating versus direct current which is not the 
xTnder discussion. But taking the case as Mr. Stanley 
should have there all the complications of armature 
s. You would entirely lose that simple and solid arma- 
struetion. You would require insulation, etc. 



Fig. 12. 


omplicate greatly the mechanical construction. Further- 
le alternator certainly would not do for electro-metal- 
pnrposes. It would not do to-day, for instance, for a 
itation, where they are using direct current and want 
dynamo to give a larger output. This paper relates 
> xinipolar direct current machmes, and I was not com- 
Jxem with alternators. I was comparing them to the 
type of direct current machines. 

what Mr. Steinmetz has said, those ideas are ex- 
tnings I wanted to avoid. My experience has shown 
wlien we ^ depart from this simple disk or cylinder con- 
, we get into all these complications and finally anive 
1 j fc which is very inferior to the ordinary Gramme oi- 
machine. 
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ALTERNATIMG CURRENTS AND RUSES. 


BY PROF. DITGALl) 0. JACKSON AND R. J. 00H8NEE. 


This paper is a report of an investigation made by Mr. Ochsner 
in the electrical engineering laboratory of the University of 
■Wisconsin. The results are positive, and of sufficient practical 
value to justify consideration. They set at rest all questions re¬ 
garding the direct effect of the alternating current upon the 
average commercial fuse wire. Practically speaking, there is 
no such action. Mr. Ochsner’s report is as follows: 

The following work was undertaken with a view to studying 
the disintegrating effect of alternating currents on fuse metals 
which has been reported, and, if possible, ascertaining the 
cause. As the work done at Cornell University^ last year showed 
such a remarkable rise of resistance, and a lowering of the fu¬ 
sing points of the fuses placed on the alternating circuits, I de¬ 
cided to repeat the experiments, , and if any change in the 
resistances should take place to prolong them. 

1.—The Effect of Alternating Currents on the 
Resistance of Fuses. 

Samples of fuse wire of five amperes rated capacity were ob¬ 
tained from five different manufacturers, and to these were 
added a 30-ampere fuse wire which we happened to have, and a 
copper, a german silver, and an iron wire. Pieces of wire from 
each sample, each of them varying from nine to ten feet in 
length, were wound upon cylindrical pieces of pine wood about 
a foot long and one and one-half inches in diameter. The table 

1. “ The Action of Continuous and Alternating Currents on Fuse Metals,” by 
C. P, Matthews ; Transactions, vol. x, p. 351. 
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behnv ^ivus the names of tin* firms from wliieli tliu samples were 
obtiunetl ami tlieir rated eujmeitios. 

Half'll (‘a|)iieity. 

AiisiiiiiH Klfcli-ir Cm. iWirl fiisi* wiiv). an 

Sliawiiiul Hiisi* Wiiv Cm, (Iwm siiiiiplfs*. ..... . jj 

Tllf Illilfpi'tliliMlI KlfftHr Cm . rj 

Pent Mlc«!irif Maniifiifluniia Cm... r, 

'riia K. S. (in-flcv (Vi... s 

TaylMi', I>)>••& Mack ... r» 

Irciii win*... 

(iiTtiuiii silver \vifi<. 

Coppi'r wii'M ... 

To prevent the turns of wire from ertfwdin^^ toifetln'r on the 
cylinders, thus eansiii^^ shtirt-circuits; short, helical .^riioves w< re 
made with a file. Tf» the eml f»f each fuse, slmrt jn'cces of heavy 
eoi>per wire were solderwl, and the joints were wiped with a 
damp cloth. Thesi* tcu-minals wi're fastened tf» the wood hy bVht 
staples, and the emls were amali!i:amated, 

A simple rack was <*imstrueteil sf» that all the fuses c«mhl he 
put in series, the e«ipper terminals rlippiiijtr inf,, moicury cups. 

The resist.auc<‘s wen^ determined by means of tlu* Autlumy 
bridge in the laliorabtry fd' llie University of Wisconsin, the 
rcadiiij^s heing taken to tin? f.mrth decimid * jdace. (’<mncctions 
were made by dipi»ing the copper terminals <d’ the fuses intf» 
mercury chhjs, and using shf»rt, heavy eoppm* wires for leads. A 
dead-beat galvanonmter was usefi, and in this way it was pc»sslhle 
to do the work in ahont twenty minutes. As It was impossihle 
to koeji the hihorat«u*y at a tajustaiit tempe*nitnre it was neet'ssarv 
to make tmiiperatiire corrections, and, then*fore, to dctermiire 
the teminn-aturc coctlicieuts of all tin; samples. It was, however, 
possible tfj keep the temjierature within a few degrees of 
centigrade, which I (amsidered the stuiiflnrd teuij>eruturt\ and to 
which 1 reduced all my results. 

Therefore it was thought sntlicieiitty accumte to iltdermiim the 
coeflicients in the following way, a sinali error in the coetlicicnt. 
introducing only a .sUglit errjjr for a correction of n few ilcgrces. 
On one occasion the room was allowed to cool to the outdoor 
temperature and the resistances were measured, and the next 
day the room w'as heated as high as jujHfeible, and the reHistanceH 
were again measured!. A range of about 1(1 degrees centigrade 
was obtained. The average rise of resistaneeB for* tine degree, 
and the coetKcients, were then calculatetL 
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The bridge lias atempcratnro coil, from the roKistanc. 1 ! of ivliicli 
the temperature of the bridge coils is (|niclvlj Found. The tem¬ 
perature coetHeieut of the bridge coils is only .0(ioa;{, imd, there¬ 
fore, the corrections for them can be made very iieennitely. The 
rise of resistance for one degree contigrnde mid the eoellieients, 
together with the data from which they were obtained are given 
in the following table, in which t is the higher tem|)eratnre, i?, the 
temperature of the bridge coils, and li the measured rosistance 
corresponding. Similarly the letters marked with a prime eor- 
res^iond to the lower temperature. 



The fuses wore now put on the alternating lighting circuit 
which furnishes the light for the laboratory. Enough resistanci! 
was put in series to give a curivut of about three amperes. • 'riie 
pressure is 110 volts, and the frequency, u|ipro.\imately, 

The lighting circuit is run contiuuonsly, except for about nine 
110111*8 on Siindays; hut to have a chock on the time that the 
fuses were subjected to the eurrent, a Tliomsou recording watt¬ 
meter was placed in circuit. 

The resistances of the fuses were measured at fairly regular 
intervals, and the corrected results wore plotted. 

The following table is a sample of one measurement. The 
resistance of the tempemtnro coil was considered to vary uni¬ 
formly during the tost. 



Avenge = .110391. 
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While iimkinj? the iiintli iiitmMireineiit, T notieed tliat toiidi- 
iiig the I uses with the liaiuls eiiii.s(>d u deeided iiiei'etiMu hi tlie 
I’OBiataiico, and uiam iiiveslij^atioii it was t’oiiiid that a rise oF 





Fio. 1.—OlmagM In iwwtiuieo of faso wires, sniijeetoil In tlionoUan of 
iiltenmtuig carrmils. 


ove ouo per cent. rcHulted from tlie heutiuK „f the fumm wliou 
holding thoin firmly with one hand. After that discovury they 
wore handled with greater care, and a droii whicli ia noticeable 
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in the curves was the resiilt. The heating eiTeet of the bridge 
battery, altliongh very small, was also fonnd siitKeicnt to intro- 
dnce a slight error, bnt by depressing the hoys only for an in¬ 
stant, the error was rendered negligible. A little later I dis- 



Fio. 3.—Povoontago yavlafclons in the iVHistanoo of fuse wiroo snlijiioU'd to tho 
action of alternating cun*uiit, vorkioiil soalo, 1 diviHlon equals 1 por euiit. 


covei’ed that the indications of the thornionieter which was Imng 
near the fnaes did not, by any means, represent the true tenipora- 
tnre of the fuses. They had been heated by the alternating 
current to about 50“ centigrade, and had not been given snfli- 
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cient time to cool down to tlie temperatiiro of the room, tlie 
pine wood retaining the heat for a considerable period. It waa 
therefore decided not to pass any current through the fuse for 
some time, but to measure the resistance, as before, from day to 
day, being very careful in getting the temperatures accurately ; 
but in the latter I was not entirely successful. It was fmuid 
practically impossible to get the temperature of the fuses coi"- 
rect within a few tenths of a degi*ee, because the temperature of 
the room would vary in spite of all cai-e, and the fuses would 
not follow this variation so rapidly as the thermometer indicated 
It. Nevertheless, far better I'esults were obtained than beibre. 

The result of this part of the work is shown by the curves, 
Kgs* .1 and 2j between tlie two heavy vertical liiioe. 

After this, the fuses were again subjected to the alternating 
current for about 100 houi-s, measurements of resistance ksiiig 
made daily. Each day, as the current was turned olf, they were 
cooled down mpidly by talcing them into a cold room, and leav¬ 
ing them for some time, after which they were hronglit hm-k to 
the working room and allowed to stand for about five or six 
houre before measuring the resistances. The results arc .sliown 
by the last part of the curves. As fuse No. a seomod to show 
greater in>egularity than the otliers. another piece of tlie same 
sample was added. It is the one nnmbered 10, and tlie curve is 
plotted directly under No. 3 for comparison. 

IVom tlie fourteenth point on, the curve.s arc all practically 
straight hoinzontal lines, the irregularities being about the wime 
when no current passed, as when it did. Nearly all the points 
Oft the om-ves before tbo fourteentli were eonsiderabJy Iiighcr 
This shows plainly that toe fuses had not cooled down to tlio 
teinpemture of the room when the resistance measnremonto wore 
made, the variations depending on the length of time they were 
allowed to stand. Considering the average values of the last 
parte of the emves to represent the true resistances, tlie greatest 
variation was J.8 per cent, in the ease of No. 3, and oven this is 
not too large to be explained by the above errors. In ,,re„f of 
resistance of one fuse immediately after 
tmnmg off toe current, and also 1.5, 20, 35 and 60 minutos later 
and found toe errors to be respectively 8 per cent., 0.2 per cent.’ 

3 per cent, 2.3 per cent, and 1 ])er cent. ’’ 

values, 18 due to the fact that current had not heou passing 
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through the fuses before that mcasiiroiiuait was iiijulc, tind flie 
fuses were, tliorefore, iit tlie tenipcrutunt of tlio siirreunding air 
which was recovered by tlie thoriiioiueter. Aiiotlier proof fcimt 
the variations are due to teuiperatiire is slmwii by <*Hrve No !) 
This represents a wire wliicdi lias a very small temperature ro- 
efficieut, and accordingly, it varies the least of any. While the 
actual rise hi curve JSTo. 8 is much greater than in any of the 
others, the jierfientflge rise is only slightly greater, the resistance 
of the fuse being the largest id’ all. 

Those experiments prove that there is no appreciable rise of 
resistance in fuses subjected to alternating l•url•entH, at least not 
within a period of 550 lioum.. More aecnrate results might un¬ 
doubtedly have been obtained, had the fuses hoen HKmutml in 
such a manner as to avoid contact with any large masses of solid 
material, bnt the ae.cnmcy is amply sufKcient to prove the case. 

These results are diametrically opposed to tho.si> given in the 
report of similar work, ])uhlished in the TKANHAcrnoN.M, vid V 
p. 262 already referred to. While in the latter inveHtigatious’ 
^rreotions were made for the standard resistance with wliiidi the 
fuses wore compared, no such coiTcctions were made for the fuse 
wires. The fuses were subjected to larger mirrents than in mv 
tests, witli consecpient greater heating. Tim itdstanccs wen- 
apparently measured without allowing snllicient time foi- the 
fnseij to acquire the, temporatnre of the room, and eveir if this 
was done, tlie variation in temperature of the room as given in 
tiio original report of the invustigatioi, fwhich Mr 0 l> 

Sit. “.‘"T'' kindly ,„o)' w« 

rafllramt to mlroduco wm.m 

sured by the fall of potential method. According to the drawing 

L Z'Sr fT"*. »» rcsistarmi; 

sized Hufliciciitly great, in the sinaher 

ed fueos at least, to cause considoralilo heating. For those 

tl'OttbloH, I think 

that this pait of tio work reported by Mr. Matthews is not to 
of xm vair^""’ ' based upon it are 



1804 .] JAOKBON A2n> OGESITER ON HTTSTB WriiM 437 

3. The Effect op Alternating Ookhbnth on the FusrNO 

Points. 

Next the fnsing points before and after passage of ciUTent 
were determined. As the continuons current from the dynamo 
which was available was too variable, I was obliged to use a few 
stoi'age cells for fusing the wires. 

A small, sensitive resistance which could bo varied slowly was 
needed. A long german silver wire, sti-etclied tightly, with a 
good spring clamp for a sliding contact, was found to serve ud- 
mirably. 

feix-inch lengtl^ of the fuses were soldered to sliort, heavy 
copper wire terminals, the ends of whicli were amalgamated and 
ipped into mercury cups in making comieetions. The fuse 
variable resistance, storage battery, and a Weston ammeter read’ 
mg from 0 to 15 amperes, were placed in soiios. As the current 
approached the fusing point it was varied very slowly and gradu¬ 
ally, gmng it ample time to heat the fuse. Only hlic five am¬ 
pere wires were tested. A number of pieces of each of these 
were tested; half of these had been subjected to the altermitinir 
cm-rent, and half had not. I shaU call these the “ old” and the 
new ” samples respectively. Pieces of the old and tbo new of 
each ^mple were tested alternately so as to eliminate the errors 
caused by a change in the temperature of the room. The results 
are given in the following tables: 


Fusing Currents. 


Noi. 3 and 10 New. 

No. 3 Old. 

Nil. to Old. 

7*4*’ 

0.98 

7.19 

7.30 

7*35 

7.10 

7«xo 

0.80 

7*:4€' . 

7««9 

7oio 

7.ari 

7*oS 

Average, 7.^3 

7.07 

7-i88 


lAiwered a.da per cent* 

T.aawcn!d .58 per ccoc. 
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Foni* of these samples show a slight lowering, while two show 
a slight rise in the fusing point, but the diffei-ences are of the same 
order as the differences between individual test pieces. While a, 
test of only a comparatively small number of fuses in this way 
hardly establishes the con-eetness of the results, a slight chan<ve 
m the fusing points-probably did take place, as is shown by the 
fair uniformity of the figures in each sample. 

That siich slight change as did occur was due to oxidation there 
18 also htt e doubt, for all of the old fuses showed slight oxida¬ 
tion, and the effect is too small to be of practical moment. 

As to the results in the earlier investigation already refeiwed 
[rHANs. Vol.x, p. 65.] on the fusing points, only the averaa:ea 
are given, and no mention is made of temperature [therefore U is 
nnpossible to properly judge of their accuracy. As fa. Is can 

seem to bT*^ however, the tests do not 

seem to be any more reliable than the resistance tests. 

Sir David Salomons in the discussion of a paper, by Mr. A. 

of Telegraph Engineers 
and Ele^icians m 1886, stated that fuses alter in two ways witlx 
time. Most of the metals, especially alloys, ^00^ to 

„tol“ bS3 

staJl^atteTrmi-*^® jame experience. Mr. Matthews also 
states that the foimation of oxides in the case of tin, and the tin 
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and load allojs, iija.y <lohiy the fusion aliiiost, iii(|<)(iiiito|y,\vliiI(. Uio 
oxidation ol cop|»er and iron wire seems to favor its nromnt 
fneion. * ' 

>■$. (^ixei.osioNs, 

fii the li|,dit of the experiments herein doserihed, and the stiite- 
nients made liy Omdvlmrn, Salomons, and Matthews, is it neeessarv 
to ascribe a slight ehan^fe in the properties of the fuse to the <|is- 
mtegratiiif; elleet ot the alternating enrrentt 1 think not. 

In practice, a fuse is seldom ohiiged to carry a current e.pial to 
Its inll rated capacity. In electric lighting, for in.staiice, ihe 

lanipa protecte.1 l,y a fuse are not likely to he all turn,.. at 

once, and therefore the fuse is seldom carrying more than a small 
part ot Its rated capacity. 'I’lie experiments that I have made 
thcretore, represent tin.. of ordinary praclice and prove 

that a time as used in practice m not directly iiirecled hy the alter- 
iiiiting currents, 

Kiihcs on alternating current circuits are sometimes found to 
blow without apparent reason, l.ut soiiiethiiig out-side of the dis¬ 
integrating elfect of the current is (he cause. Under .some cai- 
ditions, the result has conic ahmit through the nicehanieal shaking 
to which an alternating current fuse issomefiliies sul.ie,.ted when 
nottightly clamped hy the terminal .screws. 

J)lSOII.SNlON. 

Cl' 7 ';'/!“;'' ;■/ ...iS, 

to atteot the heating tu a melting point, and it is aetually tiiSd!;^. 
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its existence as a ecmtinuoiis conductor at tlie point wliere the 
current becomes unsafe. 1 only wish to nuike tlie two points 
that papers on fuse metals, should inform u.s of what the fuse' 
metals were composed ; and that the essential (jnality of a .^ood 
fuse metal is that it should be homo^cneons'. * ^ 

Pbof. J. P. (Iaoicson: —I do not thiidc the paper wfis intended 
to indicate what would be a good fuse metal. A. few commercial 
samples of fuses were taken directly from*the factory and careful 
tests made Avith as many eoia-ections jis possible. The tests were 
not as full as they should have been. .Neverthele.ss they are 
quite accurate, and the results show a very eyeii less of resist¬ 
ance all through the period of the test of each fuse. They also 
shoM^ exceedingly small variation in the fusing points due to the 
eftect of alternating cnri‘ent upon tlunn. Of course if the fuse is 
not homogeneous—if it is made of cast iron or some .such metal 
--the alternating current may po.ssibly i«jick or crystallize it In 
tins case it will he affected. Rut on the commercial fuses under 
consideration--and I jint stress on the word commercial, Ix^canse 
the paper is given to show Avhat the ])ractical elfect is on .such 
tnses, without going into tlie chemical theory—on these commer¬ 
cial fuses the pajier indicates that the effector alternatim.-(Mir¬ 
ren ts Ls fwt inpirious. 

[COMMITNIOATKI) IJV Sn4 DavID Sai.OMON.S, OK hoNnoN.| 

With reganl to the remarks made in the ])aper on alternate 
currents aiul fuses, 1 will venture to give my e.xperienc.e with 
fuses since the time referred to, now many 'years ago. I still 
find that the fuse wire is apt to alter, and th'at'in no two sumiiles 
ot wire is the alteration m the same way; which is chieHy due to 
iinpnrities in tlie metals. 1 am a great advo(?ute tV»r tin wire 
since it IS cheap and very good in |>ractice. If a fuse is to be of 
service the whole time during which the current is parsing, the 
we will be raised to a very high tem|)erature; and from an 
exJumstive series of experiments made on various metals and 
alh^rs kept at high temperatures and periodically cooled, I find 
that It becomes inore or less crystalline or gramiiar after a time. 
In this respect, I observe that the experience of others agrees 
with my own; also that, when tlie wire is in the crystalline or 
grannlar state, a larger current may be passed before it gives 
way than when the fuse was new. One of the chief reasons why 
the alternate current appears to alter the fuse wire more than tlie 
diiect current does, is I think, tlie fact the variations in the 
alternate current system are greater than with 
tl edueet. Oonseqnent y, the variations ip, the temperature of 
direct**^ ^ ^ alternate current is greater tliari with the 
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That so mt.oh lm„ u,hI u-riKon roiri.r i|,„ 

ot constont i>ot<;iiti!il mm^liinorv, oiriti-ts of unniituro i-om-tions 
oonti-ol of sparkiiij;, oto., ,„kI so liitl,. «„„,,rnini. tin- lonrhiiH-n' 
sul fur aw Iiglitiiiff, ,,,flior roiiiarknlil,. .■ousiiloriir' Mil. 

fiKit that hy far tlie lariror |,arf of .. oiitsi,|,. lijjhti,,,, as u>ll -.s 

" f —.no l,v ... of aro k„:,,.s i:r.s:H,!,H':? 

J liofw a (IiwMisaion will follow i,, whirl, |i„|,| will l„. 

lu-own o„ fho ,,ri,„.i,,l..s of ,|,.si«„ of an, ,,,a,.hi,a VI r 

in«nt thoro to ho.oh o„.,,irh.is,„ i„ o.'.tt!;: 

Olo iiiiiiiediate <if tin* ttntifi'i • f i 

41C jimnliiiioH <it tlni * 

.-•rent, HUfotaatioall, shifti,,., tho hn',sh..“o'o::;;::" ^Tw;;;! 

wh^tT.'is ifiT"'';""' 

-volatiou daring whirl. t„ ai . „ fr I '"T 

nhnnt to oaoh otho,- or -In.rtodroai, ,7 .s tho T l" ", 
■ntthcsowill not la. ro,.sid..rod ,r“soi^ N '• '-I''T ."‘■: 

!'»«, to .iiscass the .adative adra,.tag's of tl.o tv^" '.o 

only to g,ve some .•esalb „htai„..,| i„ .. I f 

machine regnlatfag as .vhovo moi.tiomal I, l"^ “ f'.*'"'-'’'''' 

now taking a proininenfc it. ti 'i* ‘ nrn 

tlieir promhionee merits for tho... I,".' '** '*"1^ 'n'iWHtry, nnd 

nnrrent dynamos « t . W "f Alternating 

ynamos, as the Westingl.onse are light maohine, have 

•I'll 
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been devised which keep the square root of the mean square of 
the current remarkably constant through extremely wide varia¬ 
tions in load, and without any external regulating mechanism 
whatever. They possess many advantages, but are not now 
widely used, for arc lamps seem as yet to work more satisfactorily 
on continuous current circuits. We believe it is also possil>Ie tl) 
build continuous current arc machines which by armature reac¬ 
tions alone can keep the current very nearly constant throughout 
a considerable range, but it would seem that their cost M'ould be 
more, and their efficiency less, than in some of the types using 
an external regulating mechanism, although we have no exact 
comparative data. 

The machine on which the following experiments were made 
is a Wo. 6, 26-light 2,000 c. p. Wood arc dynamo, a scale drawim*- 
of which is shown in Fig. 1. 

From the drawing all dimensions as of magnet limbs, yoke 
pole-pieces armature, etc., are at once seen. Its designer,* Mr. 
James J. Wood, most courteously consenting to my givino- tlie 
name of the machine tested, and its full data. ^ 

The winding data and other details as fumished l)y tho inak<M’s 
are as follows : 

The field magnet winding is composed of four coils of No. lo 
B. and S. gauge copper wire, single cotton covered. The outside 
diameter when insulated is 0.114 in. Each coil contains 100 lbs 
of wire in 15 layers of 74 turns each. 

The insulation of the magnet cores, is 1-8 in. thick, and (umi- 
posed of one lapr of enameled cloth, the enameled surface fu- 

mi composed of presshoard 0.025 

’ ^ n are wooden wa.shers 5-16 in. thhdc 

carefully dried and shellaced. ’ 

The armature core is composed of Wo. 10 B. and .S 

annealed charcoal iron wire. This is wound on a former wliiel, 

18 removable, and is composed of 15 layers, 6^ in wide These 

wires held together by interposed strips’of line; Ze Th 

ot p^board 0.15 m. thiok, one layer of asbestos paper aLmin 
an en over throne more layer of presshoard 0.15 in tliiek’ 

TheSrns nZt? ™'’ 

tmckness of i m. The armature is wound with lof) 
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sections of No. 14 B. and S. gauge double (*overed cotton win*. 
Each section is composed of feet, or 57 turns j)er section, 
making a total of 115 pounds of wire. 

The regulator magnet is wound with No. 11 single cotton 
covered B. and S. gauge wire, in the nianuer slutwn on the 
dynamo. The insulation of the cores being 5-;ii! in. tbick, and 



h’lo. 3.~SIiovviiig of u. m. k. with 10 umiiio-iis hi ll(4d (iiid no 

ciirroiil. ill anriaturo. 


that of the magnet heads 3-lfl in. 8peod of <lynamo, 1000 rev. 
per minute. 

CONOITIONS OF TkST. 

Tlie dynamo was securely bolted to a firm foundation of 
masonry, and driven through a 7 in. belt by a small 8 in. x 10 in. 
high-speed automatic Atlas engine making 250 revolutions ]>er 
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minute. Steam was 8iip])lie<.l at a.‘< nearly constant pressure .is 
possible. Hie tiiitomatic re^'iilator of the (lynaiuo was removed, 
together with one pair of opposite collecting brushes, and the re¬ 
maining pair reduced one-half in width imrallel to the coinmn- 
tator bars, to allow of easier manipulation of the explorin**’ 
brushes, their angular width being of course adjusted for each 
load to prevent sparhing. 


TAItliE J. 


Dt.^^TliniUTION OK K. M. K. AHOUNI* TllK COMMUTATOIl. WITH KikI.OS SkI- VU VTKI V 
Exoitko; no CiriiiiKNT IN .-ViiM.viMrttK. j{v t.h.; Two-HRt;Nii Mmioo.' 



lUiUMMvs tiju tuaii.ral pnijiiis reiiiaintnl at Hit* iMisilioim ft itn.i 

£'of ... »'"s- 


It was at iirst attempted to use a number of arc laiuns as load 
tor the dynamo, hut though eurofully adjuMtod and using cortsd 
carbons, the variations of potential and current due to theb-feed¬ 
ing was greater than could bo admitted, so the lamps were dis¬ 
carded for two water rheostats 4 feet x 1 foot X 1 foot, with car¬ 
bon electrodes. Those latter ou tlie whole were found to wmrk 
quite satisfactorily, their resistance liot was considerably less than 
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when cold,blit it changed so gradually tliat no trouble was expe¬ 
rienced in correcting for it liy adjusting the electrodes. 

The distribution of the induction entering the armature at 
ditferent loads was obtained by tahiug the e. m. v . at various 
points on the commutator between two small pilot brushes moved 
.around and in contact with it. 

The two brush .method, though somewhat more ditheult to 



/ 


Fki. 6.— IS. M. p. with 10 aniporc (suiToni. in iiwld and armutun*, 35-ligli(, |)nsil.ion. 

work than the single brush method, has tlie advantage over the 
latter of giving the quantities sought directly, instead of as a 
dilferenee between quantities which are large as compared with 
those desired. In some cases the integral readings o,f tlie brush 
method have been plotted, but curves so obtained do not indicate 
so clearly what is mainly sought, namely, the distribution of 
lines of force entering the armature. True, one curve can be 
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Approximately obtained from the other, if electrostatic instru¬ 
ments are used, but not with electromagnetic instruments, for 
they will give only a mean e. m. f. depending on the relative 
width of a commutator bar and insulation and distance apart of 


I 


TABLE II. 

Distbibotion of e. m. p. around the Commutator, as shown by the Two- 

Brush Method. 

Position of the toe of collecting bioishes, 83.8 and 83 8 
Number of segments covered by each collecting brush.*?. 


Current—8 Amperes. 


a 

Irt ;3 

tn > 


Current—lo Amperes. 


3 “ I 


Current—X 2 Amperes. 



^ I 


0.0 
+ 0-3 
+ S-i 

- -14.4 

- - 10.4 
+ 3-0 

- 9.0 


- - 24.0 

- - 39-9 

- - 72.0 

- -too.o 
--101.4 
+ g6.o 
-j- gl.o 
-- 87.0 

- - 81.6 

75-9 
I -- 69.2 
-- 59-6 
■+• 48.0 

- - 37.6 

-\r 20.2 

- 6.2 
— 10.1 

0.0 


— 4.0 

— 16 I 

— ig .2 

— 4.0 

+ 91 


qo — 
92 — 

94 - 

96 _ 

gS 


slewed « variation ol leas 

With 8 ainper^ the voltage between thecollectinff brushes was HflO. 

"w!?k r»tats being at «fo ami 07.1 

w^ifcu 10 filtnperGs tho voltftSfG botwcon brimhiiR wfic iion< u t 

^ ''®“tral points bc-fuIT? 0 mid 97 (T®®" 

With 12 amperes the voltage between brushes w»ib^'ioqr. 

points, 1319; tfie neutral point? being at 47.7 S o?? 


the pilot brumes. The results obtained however with a volt¬ 
meter of the Weston type, are proportional and for the present 
purpose are equally valuable. 

The explori^ brushes as finally used were pieces of eteel 
watch spnngs firmly held in small fibre holders. These, in turn 
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were rigidly secured by brass studs to a graduated sliding ring, 
moving within another stationaiy ring, attached to and insulated 
from the dynamo frame and carefully centered with the coiuinu- 
tator. 

Two brushes were used in each holder to better ensure good 
contact. Copper, brass and plios)ih(U‘-l)ronze exploring brushes 
were tried atiimt, but found not as satisfactoi-y as steel. It was also 



found very necessary at all times to keep the brushes and com¬ 
mutator as clean as possible. 

The sliding ring was marked off into one hundred divisions, the 
number of commutator segments,and the exploring brushes made 
to cover just two commutator bars or one tiftieth of tjie circum¬ 
ference, but the ring might have been divided into degrees if 
desired. The curves shown in figures 2,3,4, 5, 0, and 7 are plotted 
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60 that the leeiilts may Iw .wl either in degrees or in divisions 
of the graduated ring. 

The inner circle represents the coinmutator of one hundred 

segments and tlie 100 divisions of tlie ring arc marked on tlio 
outer circle. 

'I’AlUtE iir. 

DisTainuTioN or b. m. v. auounh tub Commutatou, as siiow.v j»y -riiF Th-m, 

Bbusii Method. 

Position of the too of colleetin;^ l>nislies, ;tl.« niid 81 (( 

Nunibei* of so^rnients eovoml by colltjctiug bruslios, dl. 


Current—8 Amperes. 


Currcnt--io Ainpere.s, 


CurrtuU—la Amperes. 


qrj — 

ya ~ 
94 -- 

9ti ™ 
98 + 


tfi.y 
“ .W-a 

— *>7 S 

— ya.s 

— <11.7 
— HTf., 

— Hl.r, 

— 7fi.7 
" 7 t.S 

— 

,'»K.c» 

49 -» 

— 

■ ■ S4.f* 
— H.f 

J* I.S 

I- I.rl 
'>.0 
- I.s 
10.6 
ai.t; 
,41.0 
— .13.0 
r 

' ‘r 3 ..S 


. 

““S ispiFS'SSF” 


amperes it irutrensed^to dastnu^ivo 


The radial lines are 5 degrees apart, and the mdial distanoA 

represents 10 volts. If the results had 

uve6 wonld have ropresentol total or integral electromotivo 
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forces, but the circular diagram has the advantage of appealing 
more quickly to the eye, and though the total e. m. f. is not exactly 
represented by the area it is proportional to the number of the 
small approximate rectangles enclosed. In obtaining efficiency 
measurements, the power delivered to the dynamo was obtained 
by indicating the engine. The cards were taken with a Tabor 



Fig. 6.— e. m. p. with 10 amperes in field and armature, 16-light position. 


indicator, and worked up with a Coffin averaging instrument; 
the speed was obtained by a speed counter, and stop watch. The 
electrical instruments used were a Weston 0.15 amperemeter for 
current measurements. A Weston 0.15 and 0.150 voltmeter for 
potentials between pilot brushes, and a 0.150 and 0.1500 Weston 
voltmeter for total electromotive forces. All instruments were 
previously calibrated. 
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KeSULTS OilTArNia). 

Fifteen sets of readings, -fifty readings jier set, were taken 
around the commutator with ciu-rents in armature and field, of 

TABLK IV'. 

DlSTRIBUTION of K. M. F. AUOUND ClOJlMirTATOR, A.S SHOWN MV THF 'J’wn 

Bhusu MKriio,,. 

Position of the toe of (;olli‘(3tinfj; l)ruslK>.s, JiO.l imd 80 1 
Number of .S(?g-mout.s covered by ejioii eollectinm'' brush, '4.7. 


Current—8 Amperes. 



Current — in Amperes, 


C-iirreiil-^re Amiieres. 



I H" S'i.j ! 

• ' Sy.t) i 

«t .7 j 
-V‘.7 

■ 7^.0 ; 

• ■ (> 7 ..-; 

I 

- • •i:t.;t 

- ■ 

! 

- ■■ an.,, j 

- ■ 7.0 II 




■ -.a.a j 

' Kl #■» 

■ 8S,o 
!!a. t j 

■ • 7r..« I 
• - va.a 

-17... j. 


«,♦! '! 
I -l.t 

ifi.i j 

■ ■ ..(t.o 

Y.vi-'t I 

I 

' •l.'t.t i 
aa.n ' 


.. . .. • ... . I 

After tiiHlviuj^' the (>li.serviitioMs iM etn.li 1*1111111111 ... !• 

mmeiTOw ,„„l i„ u,, v„r w . 

thel'. t-it ■ '<> 


iS «on.ey,o.K ,..g to l„aj» of TO, 15,20 and 25 

lights. Three sets of readmgs were also taken wit), enri'ents in 
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the field of 8, 10 and 12 amperes and no eui*rent in fclie armature. 
The results obtained are given in fiibles, and for a current of ten 
amperes are plotted in corresponding plates. 

The reactions of the armature are so clearly shown by the 
curves that comment hardly seems necessary. Briefly, we see 
that the total induction in armature, varies very slightly with 
lead, and the displacement of the neutral plane <lecreases with 



lead angle, but varies less than 10 degrees from no load to the 
maximum load used. 

All electi’omotive forces on one side of the neutral plane are 
of the same sign but differ in sign from those on the opposite 
side. 

On a developed diagram the electromotive forces between col¬ 
lecting brushes would be proportional to the difference between 
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the whole area of curve on one ride of the line of co.nmntation 
and the ai-oa of the curve included in tlie angle of lead the 
lead angle being defined as the angular advance of the collectintv 

rS 


table \'. 

DjSTIUBUTION of K, M. F. AliOlM) THK CoMMUTAToH, AS .SlluWN »V TilK Two- 

Bri'.su Mkthoi). 

Position of tho too of Iho eolicoliii;; Itnislios oo -*■ i r^o i- 
Namtor n( c„v,.r.,i I,,. uS 
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polar faces were used instead of tlie extended ones as shown, 
for then the shifting of the field could not be so easily effected. 
Of course a machine of the design tested, with extended pole 
tips, requires an automatic widening of the brush with increased 
load or independent control of sparking, but it would seem that 
the waste field at all loads would be less, and its weight efficiency 



Fig. 7.—is. m. r. with 10 amperes in field and armature, 5-light position. 


greater or cost for a given output less, than if its pole tips were 
cut away. Cutting away the pole tips or at least not extending 
them, would have the advantage of allowing the use of collecting 
brushes of constant width within a certain range, but whether 
this advantage more than compensates for the decreased range 
of its output is open to question. Further experimental evidence 
is however needed in this regard. 
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Eegarding the relative amounts of iron in tiekl and arinafure, 
we see no reason for the present pi-actice of using so little iron 
in the armature, as compared witli tlie held. The necessity of a 


TAHI/E VT, 

Distbibutiow of k. m. p. around tiik Commutator, as siidvvN nv the Two- 

liitusH AIkthoi>. 



th^ it wjis not more tliaii 1 per ^ ^el., while m most „f 

800 mbit's, 

voSS biiSf'SiuiSl 'IS' 87«; Urn 

vo5bl™rSimuSrn™^^^^^ ''»»««! ti'» 

and .1. "* phwi« paasiiig (.hrough .lo.! 

and wtth^lS ttSJor(L‘‘the^ wiw none; 


oo^hUo "r 8“““™*“*! *>y «>« flaw it ia not 

^ ect and utih^se them all by means of an armature, 
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with a generous amount of iron is not so easily seen. The num¬ 
ber of commutator segments would of course have to be increased 
to prevent sparking, but the regulating qualities of the machine 




Fio. 9.—OliaractorisUos. 


would, it is believed, not be impaired. The result would be a 
larger output and greater efficiency. 

Regarding the ratio of ampere-turns on field and armature 
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such ratio will depend largely on the shape of the pole-pieces 
and desired width of brush, but is in all cases much les-s than in 


TABLE YJf. 


Change or Voltage eutween Neutral Point.s wrnr Anulk op Leah. 


Anttlct)! I.wul. 

ViiUs. 

7-4“ 

t rdt'i 

Co” 

6aO 

*'170 

X18) 

55" 

into 

44" 

*935 


TABLE VIII. 

Showing Eppkct PROuiroiiu hy Shuntino the Fiklus, 

IN AltMATUHi:. 


with 10 Amperes 


J*<:i.*iition of llnislie.s. 

Current in PicULs. 

Sparking. 

38.7 and 78.7 

<> >t 

30.t “ «(.,! 

M «4 «« 

l« 41 

3?:8 8^-,.8 

tt «i 

III. 

<)• 

8.7 

to. 

g.i 

8 li 
to. 

«.7 

H.i 

None. 

loo nincli for 1 sorvVt*. 

hxcnsjitvti. 

Ntnin. 

1 00 iiinrh fur >{«ioil »<<rvicp. 
l'.*<if.SSIVC. 

None. 

Too innch for kikwI si-rvicc. 


'I’ABLE IX. 

Variation op e. m. p at Buu.siies with Cipperent Cukrhnth, a.m. with 
DiPPERKNT PostTION.vi OP BRIJSUE.S. 


Currents. 

I’lwitunt of 
HrushcK 

87.9 and 77.9. 

Posit inn of 
Hiuslies 
88.7 and 78.7, 

Position of 
Itrnshcii 

31.1 and 80. >. 

Position of 
Hrnshes 
.11.fi and 8i.ti, 

Position of 
Hriislios 

3:4.8 and 83.8. 





- ..-w 


VoltK. 

Volts. 

Vtilis. 

Volis. 

Volt,. 

t 

a 

3 

4 

5 
fi 

7 

8 

9 

to 

11 

18 

*3 

*4 

loo 

875 

340 

.390 

443 

46s 

480 

490 

480 

480 

440 

4»n 

365 

310 

.7.1 

805 

445 

.117 

<jo 3 

600 

S 9 « 

Stia 

573 

.550 

Sai 

474 

4«7 

loo 

3 SO 

440 

Sail 

.570 

(ilO 

f'.IO 

^•ss 

670 

^78 

<i 5 S 

%fi 

sgo 

530 

t 

i 

m 

300 

'•T<J 

77 'J 

9 Sa 

tu8» 

IIOM 

llgo 

»‘ 5 S 

«»77 

1190 

taso 

I 93 « 

tioo 

... 

..-™ 

! 

«... 


“lacIuneH. That in tlic present instance with 
narilff ^ J^rushes given, the ratio could not be widely de- 
P rom without violent siiarking, is shown in table No.^8. 
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The characteristic curves shown in Fig. 9, and readings 
given in table N^o. 9, were taken at the 5, 10, 15, 20 and 25 light 
positions of the brushes, and show that with this machine, regula¬ 
tion is almost entirely effected by shifting the brushes, as the 
curves droop too slowly to assist to any mateidal extent. Of 



TABLE X. 
EpproBNCY Test. 


Input. 

H. P. 

Output. 

H. P. 

EITiclcncy. 

Per cent. 

'6.86 ‘ 

3-3 

^ 9.(5 

9-7 

5-3 

S-f.fi 

t2«7 

9.0 

71*0 

* 5-3 

X 1.6 

75.8 

20*5 

X7.2 

83.9 


MlSOEi:iI.ANEOUS. . 


Constant loss in fields with 10 ampeiTS .1575 watts 

Badiatingsurface of fields.. 1245 sq. in. 

Kadiating surface of fields per watt loss.8 sq. in. 


course they might have been made to droop much more rapidly 
if the collecting brushes had been moved into sparkless positions 
for each value of the current, but a curve so obtained is not at all 
a characteristic. The efficiency curve is given on Fig. 10, 
and readings in table Wo. 10. From this curve and from what 
we have seen of the machine it is evident that it would never 
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pay to run machines of this type underloaded. If a number are 
nsed in one station, the connections of the external circuits at the 
switchboard sliould be so manipulated as to Iceep the niachinos 

actually m use always loaded to as near their full capacity as 
possible. ^ 

Our thanks are due to Mr. I I. ,1.1'odlesak, who greatly assisted 
in taking the observations and working up the results. 
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Discussion. 

Me. C. N. Black:— I tliinlc that the remark of Mr. Owens 
in regard to the iron in tlie armature is very ti*ue. Arc niacliines 
as built heretofore have always had enormous field cores and 
very small armatures. We cannot get a constant current ina- 
diine by any such arrangement. It is practically impossible. 
■On the other hand if we build an ai*mature with an ample cross- 
section and work it only just around the bend of the curve, we 
can build a machine that will be jiraetically automatic, without 
outside regulation, and which will give a constant current with a 
very slight variation. That is the principle on which the latest 
125-light Brush machine is built. The iron in the armature is 
worked at only about 90,000 to 95,000 lines i)er square inch at 
lull load, and of course at lower loads the arnjiere-turns on the 
armature, cuts that induction down proportionally, so tliat at veiw 
low loads we have a very low induction, and we get a character¬ 
istic curve that without any regulator does not vary more than 
two and a half to three ampei-es, from (),(»00 volts to zero. The 
machine works on the downward slope of the curve, part of 
which is absolutely vertical; for instance, from 4,500 volts down 
to 100 volts, tliere is not one-tenth of an ampere variation in the 
current. 

Mr. fc)TKiNMETz : — I am of the opposite opinion and at the 
same time of the sanie opinion as the last speaker. I am of tlie 
opinion that the density of the iron should be very high, but I 
am inclined to think that the last speaker is so accustomed to the 
arc light dynamo densities of over 100,01)0 that he considera 
9a,000 ^ low density. This is for constant potential machines 
very high density, though with regard to some old arc liffht 
machines it is low density. ^ 

With regard to the problem of building arc light dynamos, it 
has been said that the worse a machine is, the better suitable it 
IS as an arc light dynamo. But it is not so. The fact is, that 
the problems to be considered in the design of an arc light 
dynamo are so essentially different from those of a constant 
potential dynamo, that a liad design of a constant potential may 
lie a very^ good design for an arc light dynamo, and in geneml, a 
good design of a constant potential machine is a bad design of 
an arc light machine. But it is of just as much theoretic?! im¬ 
portance to investigate and understand the problem of arc light 

dynamo design, as it is with the constant potential dynamo 
design. ^ 

^ What we want in an arc light machine, is a machine which will 
give constant current automatically if possible, without any regu¬ 
lating mechanism at all; or at least so that the regulating mechan¬ 
ism 18 omy an additional control to take up secondai’y actions, 
but not to do the whole of the regulation—otlierwise the machine 
must be a failure. 

You can do this in two different ways. The ordinary shunt 
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maelnnc l..»s the tendeney to regiilnte foi- constant enirent In. 
canse if yon have a shnnt innol.ine witi, an i.leal oharactaris ta 
tliat IS, a niachmo whose nninccd oloetroniotivo foive b 
tioiial to the ampere-tnnis in the field, and if tliiMwistan ; 
the ai-rmitni-e mtetion are neglifrilile, then tins nnu-hine will •“ 
any voltage just give the ani|>ore-tnniB reoiiired to nredneo tl.'if' 
VOl age-that means, it will not give defi'nite vidtiure nt ,v 
voltiiM desiml hy the eonditions of the external eirenit’ 

In the machine as it actnally is, the excitation of the dvnanio 
must bo nrejiortional to the terminal voltiyre, iilns a cm sta 
qnantity, that .iiiantity which |,rodnc«s the vat igc co s, ."d f 
tlie ai mature I'lms a shnnt m,whine with a c.nmtan Z: 
excitation, will tiiltil the coiulition of givino a ten. ,.l^.‘ i. ' 
proportional to the external resistance,'that Is will net '.s 
stent current dynamo for all volfagres below’ ’satnrath.o H 'i'-"' 
below the heinl of the nnignerie ..,hSracte.«e. 

J.XI1B inRCIlillC will lit! !l (SOllstUIlf) (Miri'Olli' dvriiutiit Iiiif- . 4 . 
light dynamo, heeanse it will not r*'^ 1 del;;;'’I 
the load IB ehaiigei snddonly, it is a long time before tlw mjf 
netiam changes to the altered conditions';,f loa.1 and e!c tati f 
and thiiK either a Binlden rush, or a sudden deereuse of enrrei t 
takes place, kor instance, voii cut out hulf the liid.f- "n 
the current will suddenly d'onhie its vilre ,m, th.^ enni, ■ liv 
go down to normal. Such a inachine will do very we l S 
sorioa i,i(»ndes|.ent dynamo, hut for arc light cirenits vI. c ot 
Tnaclniies winch, when the lead is suddenlv varied d i 
the current to go above below a certain'value. ’ 
llie inachino must be one wliese armnf'iiivt u-iii •• i * a 
matieallj for connUiut <Mirr<. t h^ at(. auto- 

the amratnre current, and "''“'W’ 

esrentially chaiigo the Held ; if neei' be destroy Thi^etb t"’' 

^h a i^n j i. i.ere:^::'i>fe‘^v^; 

as the held m. m. f., and very lar<ro cornriarefl H. d. 

M. M. F. recpiirod to iiroduce the nlVnud si i ^ i ^ rcKultaiit 

small variition of the armature';^.re ' tlmt s'rt! “1'" “ 

m.m. p.jwill vary the resulhiMf ^ ^ the nrniature 

and the is. „. k. very .’reatlv iHagnctism 

of tlie field =12 0011*01 fnfl l 1 'ampere-turns 
poixi-turns ill tim ^ ““f 

tent or magiiotteing aiiiporo-tiinis - aTio 1 ’ 
ahort-circiitTiig the machiurtl 7'.^ 

thereby bl’owtt tire field ’ I*'' 
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This is the principle of a successful arc light djnanio, a dynamo 
regulating for constant current by its arraatnre reaction. Siicli a 
machine will without any outside regulation as sliifting of 
brushes, etc., keep the current practically constant under all 
loads, whether a continuous current dynamo or alternating. 

It will, however, require an enormous m. m. f. on field jmd 
armature to get very close regulation. Here the external regu¬ 
lation comes in. 

You can get along with very much less m. m. i*'., just enough 
not to get too large a fluctuation of current by a Very sudden 
change of^ load betore the regulator can act. Thus the arc liglit 
regulator is merely for the purpose of making the inherent reg¬ 
ulation of the machine still closer. This is done by short-cir¬ 
cuiting or shunting a part of the field, or by changing'tlie k.m. f. 
of the armature by shifting the brushes, etc. So you have two 
ways of regulating the are light dynamo, that is, of making a 
machine which automatically tends to give approximately con¬ 
stant current, to yield absolutely constant current. 

The shifting of tlie brushes introduces a second difliculty. 
You must arrange the machine not to spark, that is, to commu¬ 
tate at any position where the brushes may stand during the 
change of load. That means, the field strength at the position 
where the brushes stand must always be sucli, that during the 
time of the reversal of the current in the short-circuited coi'l, the 
E. M. F. of self-induction which is induced by the reversal, is rust 
counteracted and destroyed by the e. m. f. imlueed by the field 
magnetism in the short-circuited coil, so that the fleld has iust 
reversed the current during the time from the beginning of the 
short-circuit, by the gap entering the bnisli until the time where 
the shorbcircuit is opened by the gap passing and leaving the 
brush. This requires a low density in the gap. This is secured 
by large extending pole-pieces, which besides are necessary again 
to get the large amature m. m. f. and low resultant m. m. f for 
automatic regulation. ,It is theoretically possible to build ma- 
chums so that the density of the held will he uniform wlierever 
the brushes may stand, and that consequently in a close<l cmniifc 
armature you can shift the brushes around the gap witliout 
chan^ug the width of the brushes. Where this is not the c<ise, 
but the resultant density at the position of brush varies with the 
shifting of the brush, sparkless commutation can be gotten by 
varying the frequency of commutation, that is, the width of the 
brush, or, in other words, using two brushes in parallel and shift¬ 
ing the one against the other. Similar considerations hold in 
the ease of regulation by shunting the dynamo field, etc. 

Another point of importance in arc light dynamos is the 
amount of iron. Theoretically the amount of iron in the arma¬ 
ture IS of no importance except that there must be enough iron to 
caiTy the flux. But if you have very much iron in the magnetic 
circuit of a constant cuiTeiit machine of, say, 10,000 ampere-turns 



189i.] 


DL^CUSSTOK 


on tlie annatnro and on tlio field, then if, snd.ienlv tlie •in.ia 

being withdi-awn, and tlieae a.u,,Jre-tnn,„ bei ig oi'.IIrnnms”;”'.!"' 
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and the k. m. k jnn,|« n|., in M>-. Ktantcy'a are liW X " 
nator—wliere it was very iirettilv tjiktMi ’!.+• i Hicti- 

sbm-t-cironiting the macliineat alniorinal rLe of 

lliis rise ot K. M. F. is iMirtiallv •••luinliMl jitr-iiimif T.r 
tlie armature iron at hi^h aaturatidiirso that evc/n tliet4)nmW 
increased M. m. k. ,n the moment ,)f ononimj the 
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possible. "f, nr. (i,vnanm.s ns far as 

Mk. .Black :—I wrnild like t<» yf,. a i a 

get anywhere near as eonstant a current Vr(»ni a om l”" " 
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Me. Black :—I think, as to the first question, that the voltage 
of the machine would he taken care of under any circumstances. 
The machine would simply fiash at the commutator, wliich would 
iinraediately reduce the voltage, I cannot conceive of any com¬ 
bination of circumstances, by which we could keep the current 
in the field at its normal strength, and have no current in the 
armature, except in a separately excited machine. 

Me. Steinmetz :--But it is not necessary to go higher. Ton 
can avoid the flashing by not allowing the e. m. k. to rise very 
much liigher. ^ 

Me. Black : — It seems to me, if you have enough turns in the 
armature to get a back or a counter m. m. f. of any value, and if 
those ampere-turns are reduced to zero, and the field is kept the 
same, that the voltage of the machine will nse enormously Kow 
in the Brush 60-light machine (8,000 volts) in which the iron ia 
worked to a very high degree of saturation, if we separately ex¬ 
cite the field at the normal curi*ent of 0.6 amperes, and tali no 
current from the armature, the voltage of the machine will be 
practically doubled. In other words, you will get between 5 000 
mid 6,000 volts, notwithstanding the fact that the armature ’iron 
IS worked at a very Jiigli point of saturation under normal con¬ 
ditions. 

^ Me. Steinmetz : 1; es. But in practice you will never get so- 
Jiigli a voltage, because if you break the current, the current in 
the held disappears also, so you are quite within the limits of 
safety. Tlie proportional increase of voltage is less with a small 
amount of iron tlian with a large amount of iron. 

The Peesident:— If there is no further discussion, I will call 
fur the next paper, on the “ Belative Advantages of Toothed and 
bmooth Gore Armatures,” liy Mr. Alton D. Adams, of Wor- 
cestei*, Massachusetts. 

In the absence of the author. Professor Anthony read the fol¬ 
lowing paper: 



ji ^»per presented at the Eleventh General 
Meeting of the American Institute of Electri¬ 
cal Engineers^ Philadelphia, May /6th, iS() 4 , 
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EELATIYE ADVANTAGES OF TOOTHED AND 
SMOOTH COEE AEMATUEES. 

BY ALTON D. ADAMS. 

The merite of diffemit methods of constnietioii in dynamo 
electno maelunery, as in other lines, must evidently be d^ded 
by tbeir coiupartitiv’e costs, all else being equal. 

Although questions ooneerning the relative merits of toothed 
and smooth core aiunatui-es have long been discussed, very 
little seems to have been written to show whether aeturf 
^«ng m cost may be effected by one construction oveTS 
o&er, when employed to produce the same results. The practice 

1 -T ™ embodies both 

ty|«s, and the history of the art records many changes from 

each to tlje otocr. In view of the above, the fnqufr^wheZ 

Ii^ of ’'e effected by the 

use of toothed core armatuies, seems of interest ^ 

the hrmts of this paper do not pei-mit consideration of this 

mdtLT aH olasses of electrical machinOTy 

wm be tetri;" “‘l-e--*- macliinesonly: 

The pnncipal disadvantages of toothed, compared with sinontb. 
core armature^ ato greater limt cost, la ge cliC If leT " d 
exc^ve sparking, when used with Lo thort dllps ltd Ilf 
produetion of heat in polepieces; their advantages a^ thaufduc 
tois are positively driven, large solid indnctom protected from 
eddy currents, and that a .•eduction may be midrtotoe lefr. 
and consequent magnetic resistance of the at-^p Ohanfl^f 
lead may be fixed within any derired limits, and^s^g ablt^ 
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by sucli proportions of air-pjap and teeth, as give them snflicieiit 
magnetic resistance. 

Heat in pole-pieces may be reduced by their lamination, 
the use of very narrow teeth and slots, l)y forms of. teeth that 
preseht a nearly continuous surface of iron to tlie pole-pieces, 
and still more, by the use of openings in core disks which do not 
cut through their outside surface, or a continuous magnetic 
sheath outside the teeth. For any given form of tooth, tlie 
heating of pole-pieces is less, the longer the air-gap. 

The mechanical strength of armature teeth, as usually em¬ 
ployed, is far in excess of that required to hold induetom in 
position, even under conditions of short-circuit, and driving-pins 
inserted in the core, at proper intervals, are much cheaper and 
take up less valuable room on the armature circumference. 

Either teeth or substantial driving-pins are, of course, prefer¬ 
able mechanically to the slender bits of hard fibre wliich have 
been much used, and frequently give way under the heavy 
stmins to which large generators are subject. 

When large wires or copper rods are used as inductors, their 
protection from eddy currents is an important matter, but proper 
stranding of inductors reduces the eddy loss in them, when used 
on smooth cores, to a very small amount, and has the further im¬ 
portant advantage that inductors may be bent into the proper 
shape at armature ends, and the joints necessary when rods are 
used, avoided. The chief possible advantage, then, to be gained 
by the use of toothed armatures, is through a reduction in the 
length of the air-gap, and the consequent reduction in the am¬ 
pere-turns required on field magnet, weight of copper, or energy 
in winding, and the length and weight of iron core. To make 
this advantage available, it must be practical to use air-gaps 
shorter than are requireil for insulation, winding and clearance. 

As is well understood, the armature winding of a dynamo or 
motor, in operation, has a magnetizing action which is measured 
in ampere-turns for a bipolar machine, by one quarter the pro¬ 
duct of all the inductors of the armature, into the total armature 
current. The ampere-turns on the armature evidently tend to 
set up a flow of magnetism, having a complete circuit through 
the armature core, twice across each air-gap and through the iron 
of pole-pieces. 

About half the ampere-tums furnished by the inductors 
under pole-pieces, evidently act against the field ampere-turns in 
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each au^ap at the polar tips, and the mtio hetwee., the arniatuif 
and held ampere-tui-ns at this point, n«-e«arv to mve sparkloKo 
reveml there, imist determine wl.otlier tlie I'o.iirired nnometie 
r^ietonee te greater or lens than tl.at of an air-gap longenongh 

for inenlation, winding, and eleai-aiioo with a stiuaith core 
armature. 

As an aiTOatnre coil in an opemting dynamo or motor pass,., 
under the brush, the current flowing in it must stop, ami one in 
the opposite direction be- set up; and if this action is to be ac- 
2"l'l.«l'ed without sparking, a sufficient electromotive form- 
mis lie provided in the coil while in direct contact with the 

acioss the path of the cod, b,y the held ampei-.ctnrns cxpendwl 
in air-gap must provide this revei-sing electromotive force' 

le data of a mniiber of smooth core armature niacliincs of 
hffeieiit make, show ratios of field to arniatiire ampcrc.tnrns in 
air-^p, of froin about one and one-half to one, to two and onc- 
halt to one, and the writer’s experience is that a ratio of two to 

one will give eparkless operation at full load, witli hrnshes s,.t 
just outside polo corners. ^' 

field mm ‘'"I'"'™""' *<>'*>■ mtio la-twccn 

held and armature aiiiperu-tnrns in tlie air-gap may he so rcdncsl 

even ni inaci.ines with smooth core arnnJturc^, to rilpdre 

froirimrhfaiT*’ If >“*1' '"l *'"'1'“ i'’"’" fi'eeiloni 

m spaikuig. If It be desired therefore to build machiiira 

having an ex].onditnre of field ampere-turns in the air-n,, m 

« 2(!0-ainj,ere dynanio with l«(i 
nnh^mu on its armature in one layert a.', air-guip indim;,-.n';, 

Joi; 1;: „ '‘t; r'“r - „.ider t;, 

1 1 , wiJi be ,i,120. A coiisi(;loral>l <3 eliautfo of ii.nH „„/i 

sparking can be readily predicted for this machinV ' ' 

In some types of siiiall niaehiries, the room remiired bv 
tmn, winding and clearance, makes fl.e airomiiZmer 1? 

-y for sparkless operation, and in such mat'ihin;" Hie .“m;'”:. 
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teeth seems to depend on their cost, compared with the savin«* to 
he effected by their use. 

As the ampere-turns, furnished by the inductors under any 
pole-piece grow less, in a macliiiie of given capacity, when the 
number of poles is increased, very sliort air-gaps may be used, if 
the number of poles is sufficiently large. 

As, however, an increase in the number of poles usually makes 
a machine of given capacity more expensive, tlie question at once 
comes up, to what extent the number of poles may be increased 
without a greatej' expenditure than the saving to l)c effected. 

In large multipolar machines of four to six poles, such as are 
commonly used, the length of aii--ga]) re(iuired for sparkless 
<jperation, is considerable, and those wlio have watched the de¬ 
velopment of these machines with toothed core armatures during 
the last four or five years, have seen the air-gaps gradually widen 
until machines of this character are not hard to find, iii which 
the copper inductors between the teeth could be taken out,, 
wound outside the teeth, and still leave room enough for good 
clearance. Additional mechanical security, of course, furnishes 
a considerable argument for the use of teeth in very large slow 
speed machines. 

A number of devices have been suggested from time to time,., 
to enable toothed core armatures to be used with short air-gai>B,. 
and the consequent saving in iron and copper effected. No ma¬ 
chines with these devices, however, have yet stood the test of 
time and competition with those of ordinary tyj)e, and they have 
yet to prove their ability to produce results, as at present attained 
at a less co.st. « • 

The seeming opportunity to save material by the use of 
toothed armatures is very attractive, and we cannot but hope it 
may some day be practical; in the light of present knowledge,, 
however, there seems little to be gained by their use in medium, 
and large bipolar macliiueB. 

Worcjestfr, Muss, May 9, 1894. 
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TAIMiK 1. 


RATIO 


FACTOR OF ARMATURE LEAKAGE 
toothed armatures [ PE„P0, 



OF ■■ ..... "■■■ .--- 

WIDTH OF SLOTS TOOTHED ARMATURES 

TO THEIR PITCH OTHA.QHT TEeTH “ f PBOJEoViNa TeETH 
I O.N OUTER I I 

Cl RCU M FERENCE , \ {'\ f /' 


0.4 

.46 

.6 

.56 

.6 

,66 

.7 


PEHFOHATEO 

awmatureg 


h . t)0:rr:. 


1.40 to 1,36A.65 to 1.BO .- ■ 

1-35 " 1.30 1.50 •< 1.46 “.. I 

|1 25 «• \in I'ln “ ^*^5 

120 " 11B I'qR o “ 1-40 

-1.36_“_1.30 1.40 - 1.36 

- -- _ 1.35 " 1.30 

i, .. . " 1..25 


-^ M.OU ” 1..25 

»mK LbAKAi.E ,N 'I'oOTIIKr, AM. f,:i,R,„ATR|. A,».ATIJ|.IAi^ 
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ior in all ««■« m-e. tl... !,lhe,. m, "Ih I' ""b""'' "! 

matter of ehui,,,, ,v|f|, f,.r,.ren.i. t. .1 . . ‘".’'‘•''“'■.V’m milly a 

imMihiiie to he ... whether (! “l'l’i><'»iioii of the 

“ So,d;.‘a.t,uir m 1 •“r'"’ 

I'ronx qnxte a nu.oher of ...aeldnoa I have a'om«„d the follow- 
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ing table of armature leakage in toothed, and perforated arma¬ 
tures, to appear ill a series of articles entitled “Practical Notes 
on Dynamo Calculation,” and commenced in tliis week’s issue of 
the Electrical World? 

The amount of the core leakage depends upon the ratio of the 
width of the slots to the width of the teeth, and, if the armature 
is otherwise properly designed, will vary within the limits shown 
in Table I. 

On account of this core leakage, the tield-densities obtained in 
toothed and perforated armatures are considerably smaller than 
in smooth core machines, as can be noted froni the following 
table which gives the practical field densities of various d^yna- 
mos, derived from the data and tests of about two huiiclred of 
the best modern dynamos : 

From Tables I and II follows the practical truth of mj above 

TABLE II. 



Fleld'Denidtles, In lines of Force per stinare- Centimeter 


Bipolar Dyn^os Ifnltipolai* Dynamos 


Toothed Armature Core I Smooth | Toothed Armature Coro 



8300 1 

8800 D 
3100 II 
3400 2000 

3700 SISO 
3850 8300 
4000 
4350 3050 
4700 3800 
tilOO 3100 

ooeo mo 

0300 3700 
7000 4300 


3700 

I 3860 1850 3800 
4300 3000 8100 
4700 8150 3400 
5100 3600 3700 
5600 3800 4300 
6300 8100 4700 


5000 3160 
6400 2300 
6900 3500 
6200 3650 
6000 2800 
6800 2960 
7200 3100 
7600 3400 
7800 3700 


statement, viz., that about the same exciting power, or same 
number of ampere-turns will be required in both types of arma- 
rares; tor, also, the reduction of the gap resistance, if the radial 
depth of theymature core is properly dimensioned, depends upon 
Width of the slots to the width of the teeth. 

^ Mr. bTEiNMETz : I was somewhat astonished when liearinir 
tins paper, in-so-far as the conclusions drawn therein. Tliey are 
to a large part just opposite to what I concluded by theoretical 
^ ^ found proved by practical experience. 

What I intend to say, however, refers only to larger machines, 
machines of some hundreds of kilowatts. With regard to tlie 

1. See ElMricaJ, Wcn'ld, xxiii, p. 675. (May 19, 1894.) 
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superioritj of the toothed arjiiatiii*e in these iuaeln*nf»< T « v. 
point to, the to that neither in tin. ^nnl!;; o ^ VnTiw 
countiyisanj large power generator riinniug whicli will cMnrn n 
to sparkless, from no load to full load aitd overload wS f 
shifting of the brushesj as it is recinired for instaupA 
generators, where, due to the constant and snddmi n ^ ^^^Ivvay 
load a shilting oi the bvnehn “ f 

hand, hundreds of thousands of hoi^iwwer of nmehinis » Ij 

eommntorrwSnT sidffi^'hitheraJe h 1 

toothed core is very much less than ii^ tho n?i i • 

s J: Sites™;': 'S'-rF*'-""' 

smooth core inacliines are out of competition ^ T>iuslies, 

ihe advantage of the toothed annature’is not ..... i .1 
lesser ampere-turns consumed in the cran Tn h?,lm 
you cannot do anythin^ like wlmt in 1 machines 

^ inch as total efeS C , ’iT't® 

clearance of about A of an i cl fmH c “ 

armature to the irmi of tiic fle d moI,.! "'”•«» "C the 

for a small machine" W not fern a' toi 1 '"'; 
such a machine, with tootiied core thrw. 1.1 ^nerator. In 

The foremost feature of the iriodeni « 

tor m tire lesser distortion of the iield, as «:o 1 oir;i;r;. 1 j;|-:; 

to‘ildife;^’The7ol7,to t » «"“>»«■ 

« b»e„tS£^r‘®’ - “7 

totionf is ripresented by the dotWhno“'A''fI™ 

X" iiis 

ss, I; rcjTi^s li“ '■ "tei 

the air^ap. IT seen ' density i„ 

less at the leading pole-horn <len 8 ity is very ninch 

commutation, than^ at the is needed for sparkless 

It t 7 '‘d “>'‘^”ro’nridSy“ 

aow considei tlie toothed core machine, in Pig. 3 . if ti,o 
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total effective gap, that is tlie sjjace between pole-fiuje anclj'^w^ 
-of slots, tlie same m. m. f., f, is exerted l)y the field spools—^tliat 
is, the tooth density is ajjpropriately high—the total or resiilhint 
M . M. F., T, is again the same as with the smooth core in Fig. 1. 
Eiit here the magnetic density n is not proportional to tlie m. m.f. 
T, blit B varies vhy miuih less than f, due to the effect of mag¬ 
netic saturation, and thus the gap density is very much more uni¬ 
form, as shown by dotted line n in Fig. 2, and tlie field lias 
shifted very little. ‘ Thus the machine in Fig. 2 will commutate 
sparkless from no load to full load, without shifting the hrnshes, 
while machine. Fig. 1, will spark furiously if the brushes are not 
shifted witli varying load. 

On the other hand, due to the small self-induction of the arma¬ 
ture conductoivs, the smooth core machine is very desirable for 
lighting machines where very large currents have to be commu¬ 
tated at low voltage between’ the commutator bars, and the load 
does not lluetuate'suddenly by hundreds or thousands of amperes. 

But for railway generators, where you have to use larger 
voltage between commutator bars, and where you have to leave 
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the brushes in the same position under all loads, there you m,mf, 
use the toothed armature. You cannot make a railway ‘generator 
work decently witli a smooth core. 

Mr. Gano S. Dunn :—It is true that there must be a definite 
magnetic resistance in the gap to enable the machine to operate 
sparklessly, but if you will consider the srnoijth and the toothed 
armatures, .you will find that with tlie former the reluctance of 
the air-gap is constant, and with tlie latter it increases as a result 
of armature reaction, with load. This is due to tlie variable re¬ 
luctance of the iron which constitutes tlie teeth, and which at 
satui’atioii approaches air, giving a low resistance and aiiigh re¬ 
sistance air-gap for light and full loads respectively. To put it a 
little clearer, the effect is similar to the case of a smooth arma¬ 
ture run with an air-gap which as the load increases, lengthens, 
iind thereby preserves sparkless commutation. For the above 
reasons a toothed armature air-gap can have a lower average 
reluctance than that of a smooth araiature. The reluctance of 
the latter is constant and always at its maximum value. 

lu small machines however, the above considerations do not 
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because sparklessness need not be dependent upon a fringe 
at the pole tip to reverse the current in the coil. Machines may 
be lighter and neater which depend on other means for sparkless 
commutation. If for instance we cause the resistance of the 
carbon brushes to make the current reversal, then we can greatly 
diminish the reluctance of our air-gap and use a propoi-tionately 
smaller field current and weight of copper, and secure imnortant 
advantages in efficiency and Kghtness. ^ 

^ Another point whicli at present is not of so much importance 
IS that with dynamotors or direct current transformers, there is 
practically no armature reaction or tendency to spark, and con- 
•sequently no necessity for reluctance in the air-gap. The 
toothed armature allows us to take advantage of these conditions 
m a manner impossible with an armature which of neeessitv de¬ 
mands a high reluctance air-gap. ^ 

With regard to mechanic^ advantages, tlie toothed armature 
with wires embedded and held firmly in slots, is so superior to 
the smooth armature wound with wire held on by various devices 
that even were the toothed armature more expensive, which I ani 
not rea^ to admit, it would be preferable. 

Mr. Wm. Stanley I would like to ask the last speaker if 
he does not consider that the extra self-induction due to the 
armature teeth, especially in the larger machines, is the cause of 

street railway generators, and 
that if it were possible to arrange the wires on the circumference 
of the ^ machine—I do not say that it is mechanical to do so— 
but if it were possible to do it, if the machine would not be more 
;sparkless ? Does not the self-induction of the buried wire in 
the iron core increase the sparking from one commutator bar to 
another ? 

Mr. Dunn :—There is no question that burying the wire in¬ 
creases the self-induction, and if the openings at'the top of tlie 
slot are too narrow, or if as in the case of the Wenstrom arma¬ 
ture, there is no opening, 'this is a very serious defect, but the 
openings can be so proportioned that the increase of self-induc¬ 
tion while a disadvantage, is not serious. 

Me. ^anley :—Is it not the principal disadvantage ? 

Mr. Dunn: —Yes, I should consider that it was. The paper 
alleges that the toothed armature requires more material; that 
this IS true, generally speaking, I do not agree. I think the 
eelt-iuduction is the greatest disadvantage. 

Mr. Steinmetz :—I do not think that the representation of the 
toothed core by a gap, which widens with the increase of a load 
^uite meets the point. What I wanted to show by the diagram 
IS, that the distribution of the magnetic density at the gap at full 
load is not proportional to the distribution of the resultant m. m. p., 
but IS very much more uiiifonn, due to the effect of saturation, 
and therefore the field does not shift seriously, and the brushes 
can be left m the same position at all load^ in the fringe of tlie 
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reversed Held, wliieli is retjuired to overcome tJio self-iiidiictiou; 
of the current in tlie coil which is beiiii? eoimnnhited. For if 
you liave to reverse hundreds of amperes, hacked up hj a lar«**e 
K. M. F. of self-induction, you have to have forced (?onnmitation. 
It is to get rid of tlie sliifting of the Held, due to the armature 
reaction, wdiicli really constitutes the advantage of the toothed 
armature, which enables us to get a very much higher efficiency 
with the toothed armature than with the smooth t^ore. 


Mu. 0. K. Black :—There is another point I would like to 
make and that is, it seems to me practically impossible to build 
dynamos of large units, such as we are Imilding now for mil way 
work, and use a smooth armature, on account of the great losses 
we would get frotn eddy currents set up in the (ionducto/s them¬ 
selves. The size of the conductors is such, that if they are made 
solid, that loss could not be lujglected and would be a source of a 
good deal of heat, at the same time decreasing the efficiency of 
the machine quite materially. If we laminate the (Conductors it 
^ ^ ^ ^ the u It^c.-. Ui ti Lud'ion, in fact, ulnuKst impmcticahle. 

Ihere is one other point that I do not think has been mentioned, 
and that is in series motors, where we use a toothed armature, w(> 
get a miicli more constant speed. At light loads, the teeth 
being worked at a low imint of maguetiKation, offer but little 
reluctance to the fln.\ tlirough the armature, while at heavy loads 
the teeth lieeome saturated, and iu coiise(]ueiice add a consider¬ 
able ridiictmuje to the magnetic circuit, thereby cutting <knvn the 
induction from what it would he if iucrease(i in pro|.»ortion to 
the increased mimher of am|)ere-tnrns on tlie field, conseiinently 
we get a motor that is much nearer self-regulating than one witli 
the smooth core arniature. 


Mr. a. E. KKNNKLLv:~--The point has not been Immght out,! 
think, that if you have a toothed armature, you eau much more 
readily ventilate the armature from within, whereby you can 
carry off the heat from the surface far moi'e efficiently than if 
the armature is entirely covered by wire. 

Mr. Oiikrlin Smith ;—I would like to hear an expression of 
(jpiiiioii as to the relative c.ost of a tootliless ring and that toothed 


ring. 


Mr. STEJNMm'/. :-I think (lie question of ventilation is not 
such a drawliack against the smooth eore machine, because the 
modern design of lighting machines, which are smooth cores for 
tlie commutation of very large currents, are ventilated also by 
ventilating spaces hotweeii the armature conductors, and even the 
twisting of the conductors is not so difficult, but is done in 
smooth core armatures. I have some machines being built which 
will have these twisted conductors, and which will exclude eddy 
cin’rents almost perfectly—-smooth core machines for low voltage, 
of 400 kilowatts. With regard to the relative cost of both types 
of macihines, it is difficult to state it, liccause they are different 
types of machines fyr different purposes, and tiius cannot be 
compared properly. 
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Sinootli urmatums are built for li»htirii.' wlioro tht* tuwtbe*! 
anuatnre does not offer any advantao'os, Wberu von liavo vorr 
low speed, largo eoinluetors and low voltage from bar to Ini* 
wliile the ironclad is j>erfeet as a bigb voltage ixnver o-enerator’ 
Tims yon have never linilt two maeldnes, .me smooth eo’ro and out* 
ironclad, tor the same piirjiose and of the .same dimensions In 
general 1 am of the opini.m that the toothed armature 'is the 
cheaper one. 

[Tlie meeting then.adj.mrned tor the day. | 

Ill die ovimiiis die .Xiiiiiiiil Dii.iu.,- tiiok iiluee at. die llefel 
JVlcti(jpole, lit which ((> membei'.s and gne.sf.s w'en* pri'sent 
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(b) An Imi*kovki> Direot RKM)rN(i Pcvi'kntiomiotkr. 

HY ELMER (1. \VILI,Y0[:N(J. 


During tlie early (lays of applied edeetrieity, yet ouHily wtliin 
the memory of even the youngest ninoiig us, so rapid luis been 
its development, eleetrical devices in general were, as a matter 
of course, but very ])oor affairs as compared with tliose of the 
present. One uuKdiine was a dynamo if it would but produce 
current no matter liow fluctuating, nor at what cost of internal 
energy consumption ; another a motor if one of its parts would 
but rotate when supplied with electric.al energy regiirdless of 
the I'ate of this rotation or whether constant or not under condi¬ 
tions of variable load. Having such uncertain quantities to deal 
with, electrical measuring instruments were, similarly, but few in 
number and of the crudest possible construction—not measuring 
instruments at all in any true sense of the word, but merely in¬ 
dicators, and very poor ones at that. An instrument wjis sup¬ 
posed b) be a non-essential, a decoration for fancy dynamo rooms, 
and perfectly equivalented by an ineaiidesceut lamp for all prao 
tical purposes. Indeed, this idealitia not yet entirely disappeared, 
and we may still occasionally And plants running with nothing 
more than tlie pilot lamp to go by. 

In general, however, all this is now changed. Business com¬ 
petition and the popular demand for electricity has caused rapid 
and steady improvement all along the line until now we have 
innch time and study devoted to the problem of how to rnise 
machine efficieTicies a fraction of one per cent, or so, how to 
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build ajMiiatures so as to secure more pei-fect ventilation and con¬ 
sequent reduction of internal heating, how to produce as ^ood 
results with a little less iron, a little less wire, a little less wear 
etc. Losses in joints, switches, etc., hitherto so small as to have 
been neglected must be guarded against and, if present, reduced to 
the smallest possible amount. Tlie whole problem of manufac¬ 
ture and installation lias become one of the gainincr of i^ettv 

All this has reacted upon the instrument maker. In order 
to measure these small effects, very perfect and accurate instru¬ 
ments are necessary, and great improvements have been made 
111 this direction. The commercial measuring instrument of 
to-day is, indeed, an entirely new appearance, and demands 
exactly the same application of mechanical principles and scien- 
tihc metliods as is demanded in the construction of bridges and 
steam engines. ® 

The necessity of a complete outfit of proper measuring instrn- 
nieiits, voltmeters, ammeters, ground detectors, etc.,—as a factor 
01 economical operation in all kinds of lighting and power 
systems, is now almost universally conceded, and we find such in- 
striimeiits all over the country in vast numbers. In tlie stations 
we have the station instruments; foi- general all round testiml^ 
work measuring drops, joint and switch resistances etc., the 
portable instrument is useful. 

As ^ at present made, all of tliese various instruments have in 
them dangerous elements of change. If the instrument has a 
permanent magnet, then the strength of its magnet is liable k> 
be seriously affected in time by the perpetual jars and vibrations 
to which It IS sulijected ; proximity to strong fields, especially if 
variable, will tend to produce similar results. Any instrunient 
containing springs is also likely to vary in its indications in time 
through slow changes of elasticity in the springs be they ever so 
carefully gauged. A hot wire instrument may change on account 
of the change in radiating (juality of the surface of the working 
wn-e produced by its slow oxidation ; molecular changes in the 
wire are also liable to go on when continually heated, since our 
experience with standard resistances sliows us that changes of 
this kind do go on very slowly even with wires kept at normal 
temperatures. And so of any type of commercial instrument 
^diich may be mentioned-none of them can be absolutely 
trusted not to change. 
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This being so, we must, therefore, frequently examine these vari¬ 
ous instruments‘and determine if such changes have taken place, 
and, if so, what has been their magnitude. As a rule this is done 
at present not by the owner of the instrument, but by the instru¬ 
ment maker, the instrument being taken down and sent back to 
the inaker from time to time for recalibration, or, if it is not, 
it should be. This, in itself, is expensive—express charges 
must be paid—time must be spent in correspondence—often, if 
not always, a charge is made for the work of restandardizing. Not 
only this, but there is no surety whatever that these restandardized 
instruments may not again “get out” while on their way back 
to the owner, as the sharp, “ high frequency ’ ’ jars of transit are 
known to be very hard upon magnets and fine mechanism. 

Consideration of the above, long ago convinced me that this 
restandardizing should be done by the stations themselves in all 
cases except when quite small, and that some arrangement of 
apparatus should be devised which would make the utilization of 
some absolute standard method inexpensive and convenient, and 
possible to any one of ordinary intelligence. After a good deal 
of thought and personal experience, I became convinced that the 
only method which could be made to at all satisfy these require¬ 
ments was the potentiometer method. Bc'fore speaking specific¬ 
ally of the improved apparatus which I have devised for the 
commercial utilization of this method I wish to discuss briefly the 
potentiometer method in general and to outline what I consider 
its advantages over all other methods. 

The Potentiombtbe Method. Broadly, the potentiometer 
method consists in opposing some known proportion of the drop 
of an unknown e. m. p. through a given resistance to a definitely 
Imown E. M. F., the proportion being so chosen that no current is 
produced by the latter known source. This condition being 
established, an equation involving the unknown e. m. f. as the 
only unknown quantity immediately obtains. The method in 
general is fairly well known, being variously called the standard 
cell method, the Poggendorf or Bayleigh-Poggendorf compen- 
satioti method, the Bayleigh method, etc. It is not by any means 
so widely known, however, as it deserves to be. 

Diagrammatically the method is represented in Fig. 1. Here 
A B is a wire of high resistance and any desired length stretched 
between two fixed points. Bs is the battery whose unknown b. 
M. F. we desire to know, supposed higher than that of s. o. which 
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is a known standard coll. In series with s. o. is a galvanometer 
<ja. Ba and s. 0 . are so placed as to oppose one another so that when 
the circuits are closed a position, s, of tlie slider npon the wire 
may be found snoh that the fall of e. m. f. of a. between s and b 



Fig. 1. 


win exactly equal the e. m. f. of s. o. Tliere will then be no 
dellection of oa, and we will have 


^S. C. 


AB 

SB 


01 ’ 



AB 

SB 


( 1 ), 


an equation involving only a known b. m. f., and the ratio of 
two lengths. The resistance a b should, of course, be chosen 
so large that the internal instance of Ba is negligible as compared 
with It. In practice this form of the method is commonly known 
as the Eayleigh or Eayleigh-Poggendorf compensation method • 
and instead of a straight wire, a. b, this is equivalented by two 
resistance boxes of about 5,000 ohms each. This arrangement is 
shown m Fig. 2. Plugs are removed in a and a' so as to have 
in all a total of, say, 5,000 ohms out. This total is maintained 



Fig. 3. 


constant, what^er plugs are taken out of one box, being inserted 
in another. When a balance is secured, the resistauce in the 
two boxes mus t be count ed up and then equation (1) applied.^ 
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This arrangeinenenfc of the method is very suitable for making 
comparisons of standard cells, Ma being merely any form of con¬ 
stant battery. A balance having been secured for s. o. it is then 
removed and another standard coll, Si. Oi., substituted ; a new bal¬ 
ance is then gotten. By properly choosing Ba and making the 
total of B-j- b' 10,000 ohms, we may cause each ohm difference 
in balance between different cells, to signify a difference of 
0.01 per cent. If a properly sensitive galvanometer be used, 
a variation of one ohm from balance is very easily' seen. This 
arrangement is also very accurate, and easily used in determining 
the temperature coefficient of a cell, the cell being surrounded 
by a water bath, and balance being obtained for different temper¬ 
atures. 

A modification of this method was proposed some j^ears ago 
by Dr. Fleming, and is shown in Fig. 3.‘ It is, as is evident, ex¬ 
actly the same as Fig. 1, save that a resistance, it, is inserted in. 



the inain circuit. Here Ba, instead of being the e. m. f. to be meas¬ 
ured, is merely any fairly constant source, such as 6, y., a cell of 
storage battery. The wire, a b, is stretched along a scale uni¬ 
formly divided into, say, 160 parts, 100 of which are then made 
to correspond to a fall of Ba of one volt by adjusting s to a po¬ 
sition corresponding to balance, if this assumption were true, and 
then mahing it true by an adjustment of the variable resistance,. 
B. If A B is so great that the current produced byua is small 
compared with its normal discharge rate, then the difference of 
1.6 volts between a and b may be assumed constant for a con¬ 
siderable period, especially as the circuits should be closed only 
long enough for balance. Any i/nconstanGy may be immediately 
detected by again placing s at the balance point. Balance should 

1. See “Short Lectures to Electrical Artisans,” by J. A, Plominj?; also- 
“ Electrical Measuring Instruments,” by Jas. Swinburne-Proceedings. Institu-- 
tion of Civil Engineers, Vol. C.X., Session 1891-92, Part IV. 
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persist without farther adjastment of e. To meaenre anv nnknown 
a «. F., DOW, s. 0. lesimpljr removed, and the unknown source sub¬ 
stituted for it. If this source is less than 1.5 volts then a position of 
s will be found, at which there will be balance, and the number of 
parts between s and n will give the n. h. f. directly by pointing 
ofi two pl^ of decimals. Should the k. m. f. be higher than 
1.6 volts, then it may be placed in series with a high resistance 

and the *. ». f. over a ^rtion only of this resistance measured. 
Ihe two place reading of s multiplied by 

whole of high resistance 
portion of high resistance in derived circuit 
Will 8gaiii be the unknown b. m. p desired. 

Not only may we thus measure e. m. p. but, by arranging as in 
Fig. 4, we may also measure eurrent by this method if we know 
the resistanM of shunt s. Similarly, we may measure resistances by 
comparing the fall of k. h. p. around a known resistance with that 



Fig. 4. 


aroimd the unknown resistance placed in series with it, a con- 
stant current being maintained through both. 

The advantages of the potentiometer are: 

^ method; a calibrated galvanometer is, there- 
lore, not necessary. ’ 

(2.) AcenrMy depends only upon a standard cell and a standards 
i^esistonoe, and results obtained by the beet anthoritiee over a num¬ 
ber of yeara, show that both of these may be relied noon within 
finely small limits of error, with propLtreatmenrfora pt 
tically indefinile time. « piac 

apparatus, always Obtainable, and 
orfmaiy eare. It can be need without inconvenience in regions 

ne^ instability and of intense and variable mag- 
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OTHER METHODS OP STANDARDIZING. 

The advantages of the potentiometer method can, perhaps, be better appre¬ 
ciated by briefly recapitulating the other possible metluxls. These are but fevr 
In number. We have: 

The Direct Instrumental Mkthou. 

Here the values must be .obtained by direct measuromeiit with instruments 
which do not contain elements of change. About the only instruments satis¬ 
fying this condition are the tangent galvanometer in some form or other, and 
the Thomson balance. 

THE TANGENT GALVANOMETER. 

BisculmrUages: —(a) The instrument must be very accurately constructed and 
is hence costly. 

(b) To secure accuracy, the instrument must have a suspended system which 
is liable to continual break-down, and is difficult of i-epair except by an expert. 

(c) Accuracy depends upon the constancy of h, the horizontal magnetic com¬ 
ponent ; this depends upon local conditions and varies with change in position 
of neighboring magnetic materials and with the temperature of fixed masses of 
such metals. 

(d) Indications ai*e gi'eatly affected by variable currents or iiiagnetie fields in 
the vicinity. 

(e) Mechanical stability must be had; hence such an instrument Ls difiicult to 
use in stations or localities whore mechanical vibration is large. 

(f) The instrument must bo very etirefuUy adjusted in the first instance—this 
requires considerable time and skill. It must, therefore, be immanently sot up 
in combination with the observing telescope or lamp and scale, in a room or 
part of a room which must not be used for any other purpose in order that the 
'Outfit may not bo disturbed. 

THE THOMSON BALANCE. 

This instrument is much superior to the tangent galvanometer, requiring 
.much less sldll in use and practically no adjustment. It is not affected by being 
moved about from place to place if carefully handled, and is not appreciably 
varied by magnetic changes of small amount. 

Diaadmntagea: —(a) It is affected by fluctuating cuirrotds or fields of lai^ 
-value if very near. 

(b) A largo number of instruments is required to cover very much of a range 
•of measurement, any one instrument only mejisuring within limits of 1 to 100 
-as e. g ., from 1 to 100 centi-amperes, 1 to lOQ amperes, etc. 

The Voltameter Method, 

This depends upon the maintenance of a steady current for at least's© 
minutes or a half hour through an electrolytic solution, usually silver or copper, 
■Rnd an accurate weighing of the amount of decomposition thus produced. 

Diaadwmic^es'. —(a) It is slow, but one value being obtainable in this time. 

(b) It requires considerable skill in making accurate weighings with a delicate 
balance; also in adjusting the cui*rent values used to the area of the electrodes, 
:since otherwise the amount of decomposition is irregular and unreliable. 

The Vienna Shunt Method. 

This is an indirect method in which the ciuTent is obtained by measuring the 
B, M, p. produced at the terminals of a suitable shunt by its steady flow. The 
shunt resistance must, of course, be known. 
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IHmdmntageH:-{ix) TJic e . m. k.’s (,o ho l.liu.s mo/isuivil arc u.siiully«jun«small 
and invisl; bo inoasiired by ji vory sonsiUv.^ salvauonador. Tlii.s ^italvanoiacter 
must itself bo calibrated, a work rorniirin#r coiisidorablo time and skill. This 
calibration, once obtaincsl, cannot bo d(!i(ended upon from day to day owiin- to 
tho fact that tho sli^?l(test. olianj,n* in level in the instrument, irrejyular loss 4 (f 
magnetism in the noodle, if a Thomson galvanometer, or of torsional rigidity in 
the su.speri.sion, if a l)’Ar.sonval galvanometer, will alter it. In a Thumson 
galvanometer the indicatituis are giratly thrown out liy ovt'H very small chaim«.s 
in tho local magnetic Held smdi as may bo produced by keys or a knife uiam the 
poi-son, or active circuits oven wlmn .some considerable distance, away. 

(b) Great inochanieal st.nl)ility is nsmilly nspiired in order that ollstjrvations 
of tlio reflected beam of liglit may be po.sslbIe. 

(c) Thermal k. m. k. sare met wi(;h which are tedious lo eliminalt! 4 ir allow for 

(/;) An iMi'jjovBn DruiwT KioAniNo Poticntiomktior 

This instrument, invented by tlie writer and illustrated in Fi». 
5, is capable of being used for mojisuremciits of voltage from^O 
up to 1,500 volte, and of cMirreut from 0 up to any retiuircd upper 
limit, with a maximum error of not over |‘<m- eenc. It is based 



upon the form of potentiometer originally suggested by Dr, 

riemmg, which is shown in dingraiii in 1% 3. Somo gomi sng- 

ges ions were also obtained from tine improved form of Mr 
Oromptoii.^ 

1. See ISlet'Mdan, ffam.t Afay ^_ 
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A diagram of tlie arrangement of circuits in my 
improved form of apparatus is shown in Fig. 6. The 
wire A B of Fig. 3 is here equivalented by tliree sets of coils 
marked respectively q, m, and s. The regulating resistance 
(e of Fig. 3) is made up of two parts, one resistance, 
consisting of coils, and the other, k«. being made up of a bare wire 
of resistance equal to one of the coils of rij. This wire is laid 
back and forth upon about 350'’ of an ebonite cylinder and has a 
fixed brush, p, so arranged with reference to it that p short-cir¬ 
cuits more or less all of the v’s simultaneously, thus giving a 
large range of variation for a very small angle of rotation. The 
quick and rough regulation is effected by Ucj. while the finer ad¬ 
justment is obtained by eb.' The two series of coils, m and s, have 
at their centers two switches whicli are in series with the galvanom¬ 
eter and unknown k. m. p.; moving these switches over the coils 
is exactly the same as shifting the points s and b of the derived 
circuit in Fig. 3. m is the medium movement, each coil being 
of the entire resistance between a and b, while s is the very slow 
movement, each of the nine coils in s being equal to of the 
resistance of one of the coils of ivr. In order to get a rate of separa¬ 
tion of the two derived circuit terminals by steps of 
10 times the value of a coil of m, a third series of resistances, q, is 
provided. This is a rather peculiarly arranged ajffair, its function 
being to bike out resistance from between the derived circuit ter¬ 
minals and place it outside, or moe verm, the total resistance 
between a and b remaining always constant. The construction 
of this arrangement is shown in Fig. 8; hero merely the diagram 
of circuits can be depicted. It is evident that this change of re¬ 
sistance from one part of tlie circuit to the other accomplishes 
exactly the same result as is obtained by m and s, viz., the separa¬ 
tion or bringing together of the two derived circuit terminals. 
We have, therefore, the entirej'esistaiice, a b, divided into 1,600 
parts, and the derived circuit terminals separable along this resist¬ 
ance by steps of 100 parts, using q; ten parts, using m; and single 
parts, using s. This means an ability to set to 1 part in 1,500 or 
to * 1 ^ per cent. 

In order to make the measurement of any unknown potential 
convenient and quick, a suitable arrangement of switches is pro¬ 
vided. In the lower part of the diagram, b is a high resistance 

1, Instead of tins form of regulator 1 have thought of substituting some form 
of carbon or graphite resistance since all that is needed is invariability for a 
cortain period. K. G. W. 
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connected between two points f and g. To f is permanently 
joined one derived circuit terminal. The other derived terminal 
passes, by way of a key, k', through a galvanometer and thence to 
a switch, w, wliicii plays over a number of contact points con¬ 
nected as shown. The two points, s.c.-i and s. o.-a. are joined each 
to a terminal of a Carhart one volt cell, the other terminalsof which 
are joined in common to g.^ The remaining points are connected 
to points along f g, dividing the whole resistance in the ratio 
TffW* tV and {. In this way, with w on one or the other of 
the standard cell contacts, vi^e may by proper setting of q, m and 
s, and adjustment of the regulators ks and k-j get the b. m. f. be¬ 
tween A and B accurately 1.5 volts; we may, also, compare the 
two cells with one another, and thus detect any possible variations 
in either, as the probability that both would change alike, in the 
event of any change taking place, is extremely small. By 
now setting w on r, any unknown k. m. f. joined to f and g and less 
than 1.5 volts immediately becomes measurable. Should the b. m:. 
r. be greater than 1.6 volts and less than 15 volts, w is set on 
n X 10 instead of on r ; greater than 15 and less than 150 volts 
onBX 100;, greater than 150 and less than 1,500 volts on 
» X 1,000. When measuring, current leads are brought to f and 
G from the shunt terminals and the m. m. f. measured like any other 
unknown e. m. f. In order to avoid the risk of accidentally getting 
too large a current through either of the standard cells, a high 
resistance, u r, of about 10,000 ohms is permanently placed in the 
galvanometercircuit. A shunt is also placed around the galvanom¬ 
eter which may be thrown in or not, as desired, by means of 
the little switch placed for the purpose. 

Some of the details of construction employed in this instrument 
are, it w believed, sufficiently interesting to be worthy of descrip¬ 
tion. Fig* 7 shows a novel way of economizing space and 
material in the construction of the coils and contact points sug- 
.gested by Mr. H. L. Sayen. The contacts instead of being brass 
rod or portions of rod, as usual, are tubes having a rnetal end. 
Into these tubes the coil, wound on a slim spool as usual is slipped, 
^e end of the wire being soldered to the open end of the tube. 
Moles just large enough to receive these tubes are then drilled into 
the rubber top of the instrument and the tubes slipped up from 
below with closed ends uppermost until stopped by a flange which 
has previously been soldered a round the tube at about | inch 

voK xl“t^fSy,l 80 r^ Carhart. Am.. Jour, of Sci- 
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from its end. A rubber plate, p, about inch thick and also 
drilled through with holes corresponding to the tubes, is slipped 
over them from below, and screwed fast to the under portion of 
the top plate. All the tubes are thus firmly clamped in place by 
means of theirjfianges. The other ends of each coil are then sol¬ 
dered to the next tube, etc. 

Fig. 8 shows the construction of the resistance exchanging ar¬ 
rangement, Q. There are two concentric circles of segments as 
pictured, these segments being provided with spring pieces. The- 
coils are joined between diagonal segments. Pivoted at their 
center is a switch formed of a circular plate of hard rubber, ear- 
rying at its periphery a number of angled brass wedges or knives 



corresponding to the segments of the coils. Instead of one of 
these wedges is a pair of contact pieces corresponding to a and b, 
of Fig. 6, and joined to the rest of the circuit as shown in that 
figure; each piece of this pair makes contact with but seg¬ 
ment. It is obvious, therefore, that as the switch rotates, the 
series is always broken between a and b, while the continuity of 
ftll the rest of the series is maintained by the wedges which pass- 
between the segments and keep them metallically joined. 

In order to get at the standard cells in case either or both of 
them should show any signs of giving out, all that is necessary is 
to remove the four screws in the raised block seen in the upper 
left-hand corner of Fig. 6. This will expose the binding posts to- 
which the cell terminals are joined, the cells themselves being- 
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contained in two brass tubes passing down through the top. The 
binding screws are loosened and the cell or cells drawn out^ when 
they can be shipped back to the maker for exchange. 



This form of potentiometer is practically direct reading, the 
required values of s. m. p., being numericallj^ set down upon the 
face of the instrument when balance is attained. The manner in 
which this is effected is very readily seen from inspection of Fig. 9, 
which shows a composite view of one of the switch devices m or s! 
Fixed to the switch handle so as to rotate with it and above tlie* 
contact and contactor itself is a disk, a of Fig. 7, of hard rubber; 
this has engraved upon its upper surface a series of numbers cor¬ 



responding to the coils of the series, and differing in value by au 
amount equal to the value of the resistance of each coil in terms 
of the whole resistance between a and b. Thus the disk of q- 
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Slaving fourteen resistances, each of the whole resistance, is 
engraved with the series of numbers O.lOO, 0.200, 0.300, etc., up 
through 1.400.; s, on the other hand, is engraved 0.001, 
0.002, 0.003, etc., through 0.009.; m in the same way has its 
•disk, which is engraved 0.010, 0.020, 0.030, etc. In the in- 
atruinent these three switch devices are grouped together as 
shown in the general view and in plan in Fig. 10. A raised 
metal box, in shape something like a three-leaf clover, covers 
their operative portions. In each box there is cut a rectangular 
liole just large enough to expose a single one of the numbers 
engraved upon the rubber disk below. These numbers are so 
placed upon the disk that the one visible, indicates the number of 
parts of the whole resistance, which by virtue of the position of 
4ts switch are placed between the points of the derived circuit. 
The sum of the three numbers displayed is, therefore, the total 
number of parts of the whole placed between the derived circuit 
terminals by virtue of the position of all tlie switches, the number 
of tenths being taken from one, of hundredths from another, and 
of thousandths from the third. 

In practice the operation of the instnunent is exceedingly con¬ 
venient and speedy. It is first turned to f' and q, m and s 

turned until they read 1.000, since the Oarhart one-volt cell gives 
exactly one volt e. m, v. The galvanometer switch being turned 
to Galv. Shunted,” k and k* should be depressed for an instant. 
(In the instrument a aingle ivory button projecting up through 
the top operates a,double contact below). If the index swings to 
'‘R High” the two regulators, rs and rq, should be turned “Up,” 
as shown by the arrow engraved upon them; if to “R Low,” 
then the regulators should go down. The key being thus alter¬ 
nately depressed and the regulators altered, when balance is finally 
approached the shunt may be removed from the galvanometer by 
throwing the switch to “ Galv. Direct,” which will make the 
adjustment more sensitive, and the process continued until bal¬ 
ance is perfectly attained. Tins having been done, we know that 
the points a and n differ in is. m. p. by exactly 1.5 volts. To 

assure ourselves of tliis we may turn w to and again depress 

the key; this should also give a balance. To measure, now, any 
unknown e. m. f., it is joined to the terminals p and G;,theswiUdi 
w should be turned to e, b X 10, k X 100 ora X 1,000, according 
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as we believe the k. m. f. to be between 0 — 1 . 5 , ].5 _ 15 15 _X50 

or 150—1,500 volts. If wc have no idea what the r:. m. f. is as 
is very rarely tlie eaa', tlieii we may try the point*, successively 
Shunt the galvanometer and depress the key ; if needle swimra to 
^‘EHigh” turn % m and s“ Down,” as shown by the oimraved 
arrow until the needleswings to ” R l,ow.” If the neclle cannot 
be reversed with w on this point, try the iie.'tt one, and so on until 
Anally, if the n. ii. f. does not exceed 1,500 volts, reversal can he 
accomplished ; then remove the shunt from the giilvanomoter 
and balanceas accurately as possible. This done, the rcadimr of the 


Kiri. jn. 

dials, a, innltiplied by 1, 10, loo „r l,ooo, aceor.ling to which of 
the points w IB on will he the desimi k. m. f. If current is 
being moasnred, proceed in the wiino way, only iniiltiplylnK the v 
H. F. thus obtained by the resistance of R.e shunt ii/oMer Tgot 
the omrcnt Itself. Thoaeeuraey of the work may bo eheeked^at 
any time by throwing w back on one of tlie standard colls, and Q, 
and B back to l.OOO; perfect balance will usually persist 

'^'^In ordo^T ‘^"y “’'“'W' wo'-tl' speaking of.’ 

_<tK«tnst any possible ohaiige in the b. m. f. 
ween a and ii, during a series of meitanronieiila, dno to change 
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in the battery, b*. the latter should be of good size, say witli a dis¬ 
charge rate of four or five amperes at any rate. The resistance be¬ 
tween A and B is 120 ohms, being always constant; this means a 
current of about amperes through a b, whilethe Jc&y is i;losed\ 
as the key is only closed for an instant at a time, this drain cannot 
affect even to the most infinitesimal extent the e. m. p. between 
A and B. 

It may seem as if the large number of rubbing contacts neces¬ 
sitated by this device, 28 in all, was a feature liable to introduce 
considerable error into the result. This is, however, not the case, 
for, assuming the largest possible variation in each contact resis¬ 
tance to be 0.001 ohms, (the writer has never found it larger than 
this in switches of ordinarily decent mechanical construction) we 
have, as the maximum total variation in q, 0.028 ohms. The 
total resistance of a b being 120 ohms, this is seen to be less than 
4 parts in 12,000 or but a little over 0.02 per cent.^ 

In connection with this, it is interesting to note that in adjust¬ 
ing the resistances of the coils q.m, and s; the maximum allowable 
error of adjustment is a constant percentage of t\m total resistance 
A B, rather than of the individual coils. Hence if the 8 ohm 
coils of Q are adjusted to per cent., comparatively easy for coils 
of so high value, the 0.8 ohm coils of m need only be adjusted to 
2 ^“^ per cent, and the 0.08 ohm coils of s to 4 per cent, to se¬ 
cure the same accuracy as regards the total of a b, as regards 
resvM. The low resistances, therefore, are no more difficult of 
adjustment than those of the highest value, if indeed they are not 
easier, so that the resistances as a whole are easily brought within 
the required limit of not over ^ per cent, error in result. 

The value of this instrument as a convenient and quick way of 
obtaining absolutely reliable determinations of current and e. m. 
F. is, we believe, very great. There are scores of engineers, 
laboratories and stations who constantly find it necessary to secure 
a standardization of their ammeters or voltmeters. To make a 
voltameter determination takes a great deal of time, even if but 
one value is to be gotten, and an amount of skill and painstaking,, 
not always immediately available. The absolutely steady current, 
suitable solution, chemical balance, etc., are also adjuncts not 
always at hand. To keep any form <Jf standard instrument about 
for purposes of comparison is usually not feasible. If the instru¬ 
ment has springs, the springs may change. If permanent magnets 
thej^ are almost bound to change. Other forms of apparatus more 
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free from variable elements, as y., taii^^ent fi^alvaiioiiieters, 
are easily affected by strong? fields and mechanical disturbances and’ 
require either to be always kept set up absolutely undisturbed, or 
else to have considerable time spent upon them each time before 
using, in order to adjust them into good condition. In the po¬ 
tentiometer there are practically no variable elements, at least 
within limits practically infinitesimal in jn-actical measurements. 
Dependence is placed solely and entirely upon standard resistances 
and standard cells, both of which have been thorougbly investi¬ 
gated by many workers, and the variations of wldch are well 
understood. Ihe apparatus is simple and cmnpact, and its mode 
of use can be successfully learned by a scboolboy in a fo.w 
moments.' Being a zero method it is absolutely unaffected by 
neighboring currents or magnetic fields and tlie galvanomebM* 
being a dead beat and jewel suspended D’Arsonval, may be used 
under the most severe conditions of mechanical shoctk and vibra¬ 
tion. On board ship it is believed absolutely the o/i/y appuratus 
which could possibly be used. 
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DisoussroN. 

Mk. R. 0. Heinriofi :—Assnmmj*- tliaf. Mr. Willyouiui-’.s iutro- 
duetoiy remarks in regard to the misatisfaetory' coiisbuicy of 
connnercial volfcmetej-s and ammotei’s he trne, it slionld lie borne 
in mind that in the best typos of eommoroial measiiriio*- iimtrn- 
inents this condition of affairs is not due so much to tlie princi¬ 
ples and methods employed in the coiistruotidu of Kiudi instru¬ 
ments, as to the very exacting conditions umhu- which they are 
used. Wq may safely say that with pro]>oi* (-arts inKtrnmeiits 
employing electromagnetic or i)ermanent magnetite holds are at 
least as constant as standard tad Is, and iji (considering therefore 
the advisability of adopting one or the tdlier mctflod for the 
purpose of comparing and standardizing commertdal instrumente 
convenience and simplicity hecome the ni(»st important fac.toi's’ 
1 think there Is no question that a direct reading instrument is* 
by tar the most preferable, under “ direct reading^' heiiif under¬ 
stood that the instrunierit gives direct indications which are read 
on a scale, without any fnrthei* manipulation than connectirm- the 
instrument in circuit. ^ 


The potentiometer method in the hands of a skilled iFemoii is 
imdoiibtedly a very valuable one, l>eing a zero inetliod and 
entirely independent of surrounding inagtKdh* fields. Jt is 
liowever, not a direct reading metlnMl in tlie above sense of the 
word, and it becomes very tedious and even unreliable, if com¬ 
parisons^ with ffiictiiating currents have to Ik? made "hiis, I 
believe, 18 one very potent reason why all attempts of introduenw 
the potentiometer method in the form of a commercial measiu- 
in^^mstniment have lacked success. 

“dangerous elements of changes” attributed by Mr. 
Willyonng to all other methods, are in my opinion not at all 
ol)viate(l by the use of a standard (sell, at least snoh cells as are 
now to he had in the open market. 

montbiB in lu» paper that hia apparatus is 
eapahie of beine i«d for meaMiiremouts of veltiere from 0 up to 
l,oOO volts, and of currents from 0 np tf» any required upper 
mnit with a msMum m of not omr onMmth of om per amt. 

««i‘^?.»’atiihited if hisstatenienfs are 
borne out by actual facts. I have found very great difficulty in 

absolute accuracy of one-tenth of one per cent, 
with the best appliances under the best conditions in a 
laboratory. Eiit assuming that the general construction of the 
ajqiaratns, the introduction of a complicity of sliding contacts 
for compamtivelj’ low resistences, tlie adjustment of such resist¬ 
ances and finally the senailnlity of tlie galvanometer used in the 
apparatus wih allow such remarkable accuracy after the instru- 
jnent has left the factory, it remains-to be proven whether the 
standard cell einpiloved, and in general any standard cell can be 

lehed upmi to such a degree of accuracy for any reasonable 
length of tune. * 
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On the strength ot intoriinition coIJueted from varioiiH 
on tliat ot my own expej-ience I. am very loaMi to accoDt Mr 
Willyoiings statement m the aihrinative, at least not w£nt « 
good deal ot reserve. imwin. «. 

,5 I|nperial Piiy.sieo-Techni<*a.l Institute of 

Berlin, m a most exhaustive treatise on the Clark (^oll 
fur Imtrumenten. Knu<h\ voj. xii, p. 117 and I'vol vh*; ili. 
191 and atm inentions (vol. xiii, p. ;;()•{) that six Clark ee ls* 
made accordmg to the instruc^tio the ,Board of Trade, X’ 
sent to Imn .from (.Vimbndgo, Kngland. Of the.se six <Hdi; tw. 
wm-e BpoM m tmasit Tl.e mniaining four vvcx^ teto 
intervals tor a |«r.«,l of nine n.ontl.s t, 5 ;.etl,er with live ,'ells 
i^e m Beilin aeeimlnif. to the ahove mentunieil iiiKtruetioiis 

The resiilteot these teste am jjlveii in Tahh, I. For the .. 

veineiiee of eon,par*,ii f give the diffeiraeos of th«, eeI s f x 1 
tlie normal i, m. f ni poreenhiges, D,-. K'ahle gives tC <1 

rences 111 hiindred-tlnmsaiidths ()f a volt. m > 



only'Z'thm ^ 

woild an wcr M,;. Wili;.‘.n,‘g;s mlillSmiK "■™' 

111. Kahle aserihes the deHiiltory and .som(*time.s vitv eoiiKuh.i* 
able variation.s to the general (onstrm-.tiou of tfiese eeliB sineo 

'vhmi the cells had never beuii dis 

the entrimlnT .luring 

Xn^the Harne article he says; 

«tS ^itahJed hi 

“l»«.««3 volte (0,2. 
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“the English cells. On account of tlie large and 

“indefinite changes with change of teni])emtiire,of the e. m. p. 
“ of the Clark cells, it has been tried to re})lace it with othei*s 
“ which are claimed to behave more favorably in this l•eR]>eet. 
“ Prof. Carhart has reduced the temperature coefii(;ient of the 
“ Clark cell by using a zinc sulphate solution which is concen- 
“ trated at 0*^C. The advantage gaiue<l by this is, however, aii- 
“ nulled by the disadvantage that such cells according to the 
“experience collected here, cannot be reprodiu'ed with such 
“ exactness as the cells with zinc sulphate crystals in excess. It 
“ is very difficult to make a solution which is saturated at exjictly 
“ O'^C. If it is saturated for a tempeniture deviating only a few 
“ tenths of a degree from zero, a deviation of Huj k. m. f. 
“ amounting to several ten thousandths of a volt From the normal 
“ will be the consequence.” 

However this may be for the reproduction of these cells bv 
any pereon skilled in the arts, my experience has been that 
Professor Carhart knows how to leproduce them with admimblc 
figreement. Their portability seems also to be very satisfactory. 

Of the 19 Carhart cells wfiich have passed under my observa¬ 
tion I have a definite knowledge of the condition wdien received, 
of only eight. Seven of these showed a very good agreement 
amongst themselves in a test made about two wetd<s after they 
were received. Cell was tested two <lays after I’eceii)!., and 
showed an is. m. p. 0.075 per cent. alxjvH* the normal of 1.440 
volts. Tested two months later its k. m. k. hud dropped 0.117 
per cent, below its original \^alue. 

In point of constancy the results have l>e<vn less satisfactory, 
the changes being most likely due to leakage. 

It is quite evident that in' Professor Carhurt's modifie<l Clark ' 
cell, the slightest leakage must l)e detrimental since this would at 
once alter the concentration of the zin<^ suljihate solution. 
Although there seems to be a marked iiuprovement in the colls 
received lately from Professor Carhart, it will be seen from 
Table HI. that in five of the ten cells a (Muitinual dropping of 


TABLE IT, 



1 

2 

a 

4 

5 

Carhart- 

Clark. 

Sot up. 

Received, 

Test, August, 
„ *893. 

Compared with 
No. 284. 

Difference in 
per cent, 
9K4 Standard. 

Difference in 
per cent. 
210 Standard. 

No, 202,,ujj.. 

Sept, 25, 1801 

“ 26, •• 

K It a 

Feb. 10, 1892 

II II l« 

o.t)tjyO 

0*9981 

0.9983 

0.9979 

0.9986 

0.9987 

0.9985 

0.9998 

I.OOOO 

HPlilMli 


** 20^ . 


— 0.09 

“ 204. 

II II 11 


— 0.04 

“ aos. 

“ ao/. 

“ 200. 

(I i( It 

11 II 

II u 

li II II- 

ll il II 

li II II 


— 0 02 
— o.ofi 
-I- O.OI 
-(- 0*08 

“ ... 

li II II 

II II II 

—' U.I3 

“ 875 . 

“ 884 . 

Nov, 19, 1892 
“ 24 , 

August, i8p3 

— 0,15 
— uo» 

o.ixio 
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4()6 

the E. M. F. lias taken place. Tliese cells were kejit continuallv 
in an oil bath, covered completely by oil, and were subjected to 
only very small variations of temperature. (Jells 275‘and 284 
had beeii kept in open air in the laboratory from Auffust ’08 to 
.November ’93. Cells 147, 150, 202 to 210 Avere also kept in 
open air in the laboratory and had to undei'go changes of tem¬ 
perature dining the year between in*’and 30"’centigrade; the 
saine would be the case for cells used in an apiiaratus as proposed 
by Mr. Willyonng. 

’ Remarla to TaUe //.-—(Jells 202 to 275 Avere compared with 
284 as standard. Assuming that at that time 284 aa>is very nearly 
correct, since it was just received, and still shows in Table IV 
a fair agreement witli tlie normal lo. m. k'., the figures in column 

4 would give the iiereentagc difference from the normal e. m. k. 
Cells 202 to 210 were returned on account of these changes, 
therefore no further test could be made. Tlio figures in column 

5 are rather interesting, as they show that a nuirdier of cells of 


TABLE IV. 


Carhart-Clark. 

Set up. 

Received. 

Cull No. 



*47 

Mur. 8-8, i8uu 

1891 

*50 


4* 

875 

Nov. 19, 189a 

August, 1893 

384 

at. " 

• 1 44 

.31* 

3«8 

‘ 7i 1893 

«C U’ *4 

November, i8()3 

3*3 

II hi 14 

44 44 

3*4 

41 44 II 

14 41 

3*5 

4 II 44 

41 41 

316 

44 II 14 

«4 44 

3»7 

•1 II II 

14 44 

328 

Dec. IS, 1894 

Marcli, 1894 


Test, May as, 
1894. R. M. l>. 
at 15" C. 


1.430 

‘•43* 

1.438 

' -439 

‘•4404 

1.44.H 

1.440a 

i.44cia 

J-43<)« 

1.4384 

1.4400 

'•439 


Correct 
Value at 

pil¥orence 

15“ c. 

in per cent. 

1.441 

— 0.75 

*-H* 

— O469 

l. 44 <:. 

0.14 

1.440 

— 0,08 

1.4408 

-[- 0,0x4 

X 4403 

+ 0.007 

1.4403 

— 0,007 

*-W 03 

— 0.007 

1.4404 

— IXIO 

1.4401 

— o\l2 

1.4403 

— oipa 

I 440 

0^ 


TABLE V. 


Test, May Correct JDifTcr- 

Clark Cells. Set up. Received, -.is, 1894, '5* M* “"C" 

at is" C. is" C, per cent. 


Remarks. 


Wirt-Clark, 358 A.. ? 

:: asa? 

“ aOs A . ? 

“ aC's B.. ? 

Wcston-Clark, r.... May, 1891 


April, '01. 

V* fi 


0.8s Signs ol leakage. 
*•35 , 

- - Signs of leakage. 
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atr““ no'i^,.:rTrK"‘"■ 

tMt tmo Mmdard <udl., dj nlL itldefJdl 
twm, are mrreet ■(/ the,/ a<jra< with each other " 

Cells 141 iHid 150 (rabl({ IV.) are now iilinust <liip<l uu the 
sea beiugco„.pletoly<.ove,-,..l l,y e(tl,.,,,K,«l anic s,,||,| ate 
had sliowii signs <>t leakage already in the earlv imrnVis.i^ 
Cells 203 to 210 Klmweil wlllHab .snots betaee, Ho. lo. I * /T' 
glass. A i-ellowisb rybite eoat .in the ™d wi ..T ‘ 

T I of “xIoiKi anted npoi, by the ah ‘ 

Table V gives the rosults of tests of (llai-k eells of'vinn,, 
ongiu With very low e.«.e|.tn.ns the cells have ebanlJl co f 
snlembly more than ,ine-tenth of one per cent. ^ 

i. e., direct reading iwtentioinetein Instrument^ oi'r'"** 

vived gave the following results on April llth. lsinr 


Standard 100 volts.. o 

.mar. 

. io.:w 

lO.'JO 


On May afitli, 1894: 


Standard 100 volts... 

in ***r».o 

''(•Its.. 7 }{ 

o.r.:{ 


ao;-) 2\. 
•Jon 11. 
-’or. A. 

'-ian n. 


aor. A. 
aon H. 

A. 
t'or. ji. 


+0.2 per (*eut 
--O.r. 

- '7.0 “ 


—2;{.0 per Cent. 
— 21,0 •• 

— 2.7 “ 

— 4.7 “ 


In Table V the ooIIk are hIilwi, .f. 

— 4.5 and — ;if{ per c.ont at Mnv wr.n, if ; ' normai 

sliding cootactH an i ehanguH in ' . nliHn< 
of time introduced a nmeb larg..r 

«inSunlJl:; 

of Iw'd.ite" tiV™7K “K" 

faultless condition. Tl ere « t , . . ‘f '‘I’lW'tly in 

of which 21 have give', mit, at <*»«. 

tosaywbatthensfenl life ..f these celhiias\H.mI’'l n '‘‘''‘“"'f 

w^kept at sufliciently close int..rvars ’ “ 

the following rewdts ^y™^ '' i""', Calomel cells 

mination. ^ "bta,ne,l b,y silver voltamoter deter- 

Cell 003. April 3d. 1 (Mmoi . . 

April 0th. .r [ [ /. volts at 20* C. 

Mayioth....:;::::::::::;:{:S^^ :: :: •:: 

0.99£rter volft »• - -oo cell as 

was used very eontmually .l«ri..g onr'lmuj^a 
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giving trouble in adjusting. Although the circuit contained 
resistances, considerably more than 100,000 ohms in series with the 
■cell, it is thought that the continual use caused the drop in pj. m. f., 
the more so as a comparison with Carhart-Clark cell 311, made 
shortly after the expeiiment, indicated also a lower k. m. p\ than 
usual. A silver voltameter test made two days later gave a 
result agreeing well with previous determinations. 

These determinations would make the e. m. f. of this particular 
cell 0.99961 intern, volts at 15° C. 

Carhart Calomel cell 5 loaned through Professor Carliart’s 
courtesy for comparison with cell 303. showed by comparison 
1.00018 intern, volts at 15°C, a ditference of 0.06 per cent, be¬ 
tween the two cells. These two cells seem to have stood trans¬ 
portation well and make a very satisfactory showing. How they 
will behave under more exacting conditions witli an occasional 
abuse is a question yet to be deteiinined. 

It is evident, however, that the standard cell which Mr. 
Willyoung proposes to use, has to be a very much superior article 
to anything which we now have, in order to fullil the require¬ 
ments of remaining for a reasonable time within an accuracy of 
one-tenth of one per cent. Moreover, allowing for occjasional 
abuse of the apparatus and taking it into consideration that a 
multiplicity of sliding contacts is used in connection with com¬ 
paratively low resistances, I sliould consider an accuracy of 0.2 
per cent, quite remarkable. 

On the other hand I know from experience and from carefully 
k:ept records extending over five years, that tliere is no diflicnlty 
whatever in maintaining an accuracy of 0.2 per cent, with direct 
reading instruments as defined previously, and employing electro¬ 
magnetic or permanent magnetic fields, and affording the same 
flexibility in range as the potentiometer described. 

The use of the potentiometer method for eojnmercial measur¬ 
ing insti-uments dates back (piite a few years. The Wirt and 
Howell voltmeters were constructed on this principle. Dr. 
Peussner describes a potentiometer in 1890 in ZeiUokrift f%r 
InstTWfmntm and points out, how the instrument may be 

made direct reading in substantially the same way as Mr. will- 
young describes. Mr. Crompton’s potentiometer is referred to 
in Mr. Willyoung’s paper. It is rather significant that, in spite 
of these various attempts, the actual use of such instruments is 
ve^ limited indeed. 

For the commercial calibration of a large number of instm- 
ments the method is altogether too slow. For occasional com¬ 
parisons of instruments in daily use a direct reading instrument 
of known standard qualities seenis preferable, tlie accuracy at¬ 
tainable witli such instruments being amply sufficient for all 
practical purposes. 

For laboratory use, where time is usually a minor considera¬ 
tion, the potentiometer would be commendable; but wlien it 
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comes to accuracies as lii^h as oue-tenth of one per cent. J 
should always take the silver voltameter and a standard resistance 
as a last I'esort for a check on the standard cell. 



[n regawl to o"« t^rawtnietii.ji I w„hI,| t|„it 

used abo l.y Mr. Willy.,,.uf? -cd to me soini 
Mr. Weston designed a iieteiitmmeter wliiel. was to shorten flie 
todioiis adjnstment ,d lesistanees in l,or<l I{avluigir,s inetliod. 
Oig. 1 shows Its ,4^enoml ari'aii.i^ciiiMmf, A resi.st^ince of 10,000 



ohms is kept in circuit continuously with an au.\iliarv huttiMw 
eranica ot any of the imir dials, resistance cut in on the dWmit 
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containing the standard cell o (on the a side) is cut out on 
the opuosite side {b side). This potentiometer necessitates how 
ever, the adjustment and use of 80 resistance coils. In the 
modification shown in Fig. 2, the number of resistance coils is 
reduced to 40 although the same number of steps from one to 
10,000 is obtained. The identity with Mr. Willyoiing’s idea will 
be found in the arrangement of'dials o and t>.' These two dids 
are identical in their arrangement, taking dial e for a descrip¬ 
tion ; the two halves a and b of the ciunk carrying the sliding 
contacts serve to make a short-circuit between the segments of 
E, F and o, II The upper pait. of these two dials forms 
always up to the position of the crank, counting from left to 



right, a part of the circuit containing the standard coll, whilst 
the lower part is up to the position of the crank in series with 
the auxiliary battery. Fig. 3 will show tliis more clearly. 

ab G d then the resistance of the circuit containing 
the standard cell, whilst the total resistance is always kept con¬ 
stant at 10,000 ohms. ^ ^ 

Such an arrangement may of course be made direct reading in 
the sense taken by Mr. Willyoung, by proper adjustment of the 
current through the total resistance of 10,000 ohms; it has the 
advantage of very much higher resistances which I believe essen¬ 
tial for accuracy whenever sliding contacts are used. 

In summing up my remarks 1 would say that I do not wish to 
appear opposed to the use of standard cells, or to that of the 
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potontiometoi- motlioci 1 |„n, ^ 

expenen^d and «,rcful man nxhmnnly vali.al.le and j 

do not believ^e, Jiovvever, that tlu*. list* nf fl.,. ...A ‘ ^ 

method avoids “danpmns clmnente of ,.|um«o" anv mX‘"lm^ 
any other instriiinonts ot standard (lualities. 

I slioidd consider it an inln.stiee to the usm- ... 
make him believe tl.at l.e can .nea.snre to a cortnin per^ti^e of 

“4,a"”' ' ™n i,reattl,at lu/d.4 .ml.i;! 

I am not a believer ill “ iiniv<‘rs*il • .. 

which anythinp: and >nnnnd,liin^/..a.i !«■ <1.,. '7Hnailv'‘fl’ 
crowded into much too .small sna<-.. ' ' 

My doubts about sli.linf. c„nhu-is in conuwtion with low .... 
sistances Imve been e.vpressed before. " ^ 

From a siiperlicial inspection «»f Mi- WJiiw..... ^ 
should expect difficnlty and tronbli* in re..nnl 

Men, eepccially if bisi.cr volt«.,ms tT".'“ 

plvanoineter used is of the saiiie .sensibilJtv m the 

m Queen and Coin])any’s portable testin.*-’sets /’"I 
Its sensibility insufficient for tlie attainnuM^t ^ 

one-tenth of* one per cent., as elffiineil 



A paper presented at the Eleventh. General Meet- 
ing of the American Institute of Electrical 
Engineersy Philadelphiay May tylhyiSQ4, Presi- 
dent Honsttni in the Chair. 


AN OPTICAL FUAKE INOICATOK AND 
SYNCnRONIZER. 

BY J*KOF. f+EOROK a. MOLER AND DK. FUEDKRIOK BEDELL. 


In startiug a sj'iielironouH alternating current motor, it ia usual 
to bring the motor up to speed by some e.vteriuil means, and to 
switch it into connection with tJie generator when the motor and 
generator are running7synchronousIy Imt are in opposite phase. 
Various devices have l>een employed to indicate synchronism, aud 
to show when the inotoj* is in opposite phase to the generator, 
one of the simplest of these devices consisting of an incandescent 
lamp used as a pilot lamp. The lamp is connected directly in tlie 
circuit supplying the motor so that all the current through the 
motor armature passes tlirough it. llefore the motor is started 
the lamp glows steadily. As tiie motor attains considerable speed, 
the lamp suddenly fiashes up and dies out alternately according 
to whether the electromotive force genei*ated by the motor, and 
the electromotive force from the alternator are in the same or in 
opposite pliases. Beats are tliiis produced which occur at longer 
intervals as the motor approaches synchronism with the alternar 
tor. When the intervals are long enough to be quite marked, 
the motor is connected directly to the generator circuit by cutting 
the lamp out at a moment when it is dark, indicating that tlie 
machines are in opposite phase. At tlie same time the extenial 
power, which has driven the motor to synchronism, is removed. 
Instead of one lamp, several lamps or a lamp together with dead 
resistance may be used where i*equired. 

This device is simple and efficient. It does not, however, iudi- ’ 
cate the moment when exact synchronism is reached, nor does it 
show whether the motor is running at a greater or leas speed 
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than that co,-«8|>oiidi.ig to the genemtor. It does nut al.ow tho 
exact phase d.ffemnce between the motor and gtn,orator, and 
does not indicate tlie pliaso relations after the motor has been 
connected to tlie alternator and is l)ein<r driven hy it 
The followinir instrument has hoen devised hy the writers to 
give definite information in regard to the relative speeds and 

phase-positions of the motor and generator in lahoratory investi¬ 
gations. It shows: •' 

(1.) W^hen the machines are synchronous: 

(2) Which machine in running the faster when they arc not 
synchronous. 

(8.) The angle by which the motor lags behind the generator. 





The motor and generator arc placed together, with shafta in lino 
and abutting, but not ip.itc touching, "ti.c Iwo mali.l .m."! 

IZh! ,1 “f «H»>-nati»n.s. The 

are eXi "> •% 1- In these diaka 

curved slits, one sht for each jiair of* poles of the rnadiinoH 

riTdiatal"''- ® machine. Tho 

the other The twT'!i'T "f 

• llH. two disks are practically superimposed and to- 
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gether form one disk with four holes wliere the slits of one disk 
cross over the slits of the other. Evidently the distances of 
these four holes from the center depends upon the relative posi¬ 
tions of the two armatures; they move in and out as the arma¬ 
tures shift their relative positions. From the symmetrical ar¬ 
rangement of the slits, if oiu* armatm*e is stationary and the 
other is moved past two pole-pieces or through 90® of arc (cor¬ 
responding to a complete period of alternation or 300® of phase) 
the intereeetioTi of tlie slits will he the same distance from the 
center as before. The curvature of the slits is such, that the dis¬ 
tance to or from the centei- that the intei'sections of the two sets 
of slits move, is proportional to the change in relative position of 
the two armatures. 

When the two aimatui'es arc rnmiing at the same speed in the 



same direction, and there is a source of light on one side of the 
disks, the intersection of the slits, as seen from the other side, 
appears as a continuous ring of light. A slight difference of 
speed causes this ring of light to move outward or itiward, accord¬ 
ing to which disk is revolving the faster. The more rapidly the 
ring naoves in or oat, the greater the difference in speed of the 
two disks. If the ring is moving out, a now ring starts at the 
center^ when one ring reaches the edges, and these rings keep 
following one another outward. If the difference in speed is the 
other way, the successive rings move inward. 

In Fig. 3, the heavy dotted line represents the ring of light for 
a particular position of the two disks. 

^The position of the ring of light indicates the relative position 
of the two armatures. The disks may he secured to the shafts so 
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Hmt wlien the aniiatnres un- in tlin same positinus with ■•.■feivinv 
to tl.e pnWpiec^ the nnwhino. arc in tl.c plnnaVtl.c 
nns ol liglit will lio at the ini„.i' nr outer wnls of the alits TIi • 
concentric ringa in h-ip;. « represent the phase .liirerenei.s eor 
responding to jiositions of the ring of light in this ease. 

For convenience in ojieratioii, the iirraiigeiiieiit of the amnintiis 
which has thus far proved satisfactory, has heen as follow^'oii 
one side of the pair of disks is placed an incandescent h„n» en 

closed in a hox. One side of the ho.x is close to the disk .ind le.J 
a slit in it about half an inch wide e.vteinihig from the .shaft to 
the cncnmteroiicc of the ilisk. This slit is e.'.vered with a ,ii,na. 
■of oiled paper so iw to give a dilfnsed light upon the disks A 
complete ring of light is no loiigm-semi from the other side hut 

siiily a small iHirtioii ..ling to the wiilth of the Imlf-inch 

dit. A stationary scale is Hxed so as to .. I from the shaft to 

the «lge of the disks on the opp,„iie si.h' from the lamps so 
that the diataiice ot the chaiigiiig line of lipht from the ceii’ter 
my 1» mid as to give the phase diirm-ence of the two inaeliiiies 
ly diioct leadlllg^ lo enahle one to see the scale and line of light 
most conveiiiently a niirror is arranged at fortv-livc degrees iidtli 
the disks, so that the him of sight is at right angles to the shaft 
Ihe disks may he arranged in the manner just descrilasl iii,„,i 
the abutting ends of the motor ami genemt»; shafts, oiilv in ease 
he two iri,nclniies have the same iiiniiher of poles. Where such 
IS not the caiw, one or hoth of the disks eiiii he driven hy m-ars 
which will pve the proper relative speeds to the two diskJ ” 

III operation tdie inatr.. has proved ,p,ito satisfiietorv .dv- 

mg exact and deiiinte iiitorniation concerning the changes 'ii’i'tlie 
arnia iito hgs of the motor. The lli.ctnatitis in /ht „!! am 
usiia ly iiuite marked, and the conditions which cause them 
rt^dily invj^tigmted hy this apparatus. For insti.iiee, this lli.m^ 
t on 18 small with |iroper Held e.xcitatioii; as the Held eiimnit of 
diyiiotor IS iliminiKhed, this Hnetniition inereasea, the line of 
ligl. moving i-apidly hack and forth throiigli a greate a, I 

th':;' f''...* 

cover- / e th 1 *^ "" " it 

covet Kota.oiit of step and stops. It would I- 

S hy memis' investigation of these fluctiia- 

graphed i ,Tm.Jh "r" ‘‘“.V may Ik, pin,tm 

Plato ^ imvnianent reeoi-il hy means of a moving 
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The apparatus wiu bu apj)Iii‘(l h» otluT liiifs of wurb involving 
an investigation of pluisu ditforouces and sviudironisin, and iimy 
be modified to meet the re(juireiiieuts of t}»e prohlom in bund*; 
but it is peculiarly suited for use in svnebronous motor work for 
which it was designed. The scope cd' tin; present puptu admits 
only of a general description of the apparatus Iiere given. 



A f piiXfittni ,it U’tf Anitiiitt’ Meting 

of the Ann ri. itn hsuitut, >'/ Jiiivtri, ,it /•i/tgin- 
l'i‘ti/it<M/>hMy M,iy 
Houston in tih C'iiaif. 



»!V IMI. Al.inCUT C. 

l.vn{(U»i:rTi<».\, 

A {U'ohlt'Ui timt liuK in iiioiv rnoent voaiv pri*snnt<‘<l 

itsfU’ hi tin* finntnemn ninl physicist alike is: ‘‘finw shall we 
nieasuh* the exaet ennvnt whi<-h Hows in a eotnhn*toi* at any 
instant ol time, ainl reeonl all tin* iiTe^iilar <Hian,iifes to w'hieh it 
is Kuhjeet r’ Prohalilv every oni* who has thou^^ht of sneh mat¬ 
ters at all has eonsi«|ere»l this prohlem in some <»f the phases 
wliieh it pn^seiifs. The iniportanei* of the question, since tin* 
intro<hn*tion and extensivt' use of the alt(*rnating current, lias 
emplmsi/.ed the fact that we netiil a “ reliable met hod ” of measnr- 
iii|j^ the instantainunrs values ol a variuhle current, whicdi is not a 
‘‘method hy points."’ hut “a metho«l which eontimionsly recoils 
the current." 

l?ndi*r “a method hy points ’ is in<dud<Ml any metluxi in which 
the current is ohfuim*d from reailinj^s fusimlly of an eleetrostatie 
voltmeter) due to the charge of a condenser which may he con¬ 
nected in at any point of time, 'riie csN*ntial <*haracterisfic of 
the method is that the current is Nuppomd to repeat itself exactly 
during sueeessivi^ jieriods. or more puuM'uUy when tln^ comlitions 
are exactly repeated. There citn he t»» doid»t that the current 
dmuH refuiti itself umler exactly similar c<mditions, hut can we lie 
•vi/./v? that those comlitions i/ce t lUpmtM f liy this method 

a numla*r of points are found, the time occupied heiH;^ at least 


several minutes, and the collection of points properly arranged is 


a repri'sentatioii of tlu^ cummt durin^^as short a time us the one- 
hundredth of a second, perhaps. Vet this method haa |)rov«*d 
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to be a very useful and practical one, and lias given ns informa¬ 
tion concerning the currents and potentials of generators and 
transformers which is of paramount importance. Yet all will 
agree that this “method by points” is too limited in its ap|>li<'ii- 
tion, and does not show us any sudden temporary change taking 
place in a current which does not repeat itself. Huch, f<n- in¬ 
stance, as a sudden “make,” or “break,” or “changtO' in an 
alternating em-rent would not be easily shown by this iiietluxl. 
The second method, previously designated a wetJuxi whit'll tui/i- 
timwusly records the cnrrentl^ is the one to which this j»ap<n- 
more particularly refei's. Under tins head are inclnderl all 
niethods which attempt to record the current l)y causing it, either 
diiectly or indirectly, to move a material “sonietliing” so that its 
displacement is some single valued function of the (uirront. As 
an example of this method may be mentioned the well-known 
experiments of Frblicli in which a telephone is used, upon the 
disk of which is mounted a mirror that pemiits a beam (»f light 
to be reflected from it. Any vibration of the disk gives an 
angular motion to the ray of light, and this motion is in turn 
recorded upon a moving photographic plate. Other examples 
might be mentioned in illustration of this method, for iiistanee, 
a wire which is deflected in a magnetic fleld, or stream of merctiry 
so influenced; but it will be noticed that in all of these ceases an 
appreciable amount oip&ndercibkmQ.itQvh required to be moved 
backward and fomard during each reversal of the current, 
when the current reverses hundreds of times per 8e<;ond, the 
unavoidable difficulty is introduced that tlie forced oscillations of 
tins ponderable matter, no matter how small in amount, becomo 
•so superimposed upon those of the current which it is desired to 
measure that they are insepambly mixed together; and the 
record does not show the true current, but the resultant vihra- 
the instrument. That tins is the case with the method 
of the telephone above referred to, has been estaldished beyond 
a elembt it seems, by experiments conducted at Cornell Univmity 
>y Mr. Henry Floy. The current furnished to the telephone 
was carefully measured by the “method by points,” and C4ire 
was taken to see that the current as measured by points was the 
same as that used in the telephone. The vibrations of the tele¬ 
phone did not even approximately agree with the current as 
measured by well-established methods. 

Bearing these points in mind, and rememboring the high fro- 
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qiicncy ot s.)i!u* <.f tin* n.scMlIntioii.^ which it is desiroil to rwoni 
iiuiv w(j iK.t with soiiH* .Ici-ri-t! of «*c-rfaint.v predict that any of 
l.K.th.Hls tl,,. l-„|,i,| 

will Ik. t.. p,K,.Iv iIk.skiuk ..|,iu,.ti„„K wliicl, aiv tioticoil 
n. t ..as.. „t tia. t..|..pl,.„„.' Without auKwonuK this .,,u.stio„. 
l.nihahy all will au-n... that tl.. mav |„. 

ayoi,h.,l l.y llsiuo as a vihralor. iustoail of this so-;.all,.,l 
uUh imiff.r." a vthnilor that has «o woight. It is to this qii,.s- 
tioii ot htuliiif; a fonti of vihmtof m//w„l that I invito 

your atteuthiii, 

I UK \V KIOIITI.KSS \'lIUi;.\TV»|{. 

I ho tiloa ol tho woitshlloss vihnitof is pot-haps alraulv suit- 
«asto,l 1,1 tho hotnu ol |«ht. litit how shall we oattso a ho,..,, of 
iSht to havo a ohauoo in ,li,.,H.tioi, siutply h,v utoaus of a o„r,a..,t 
llowin^^ 111 a circuit without the intervention of some niovin**- 
material A way <d Inllueneiiio-a heniii of liju;lit directly hy an 
•tlootrio ourrout too .„o,... p,.oporly h.y its „.a„,a.,io ti..hli'is'that 
.!,soovof.Ml lo,.K aoo hy l.'ai.a.lay. It is I,y of tl.o tlis- 

oovwy o tlu^. i-otatio,, of tho plauo of polariaation hy a„ ol,»trio 
curnmt that I proposi* a method <*f ohtainin^j; a wei^litless vihra 
lor. 'I'll,, oxplitiiafioti will ho tua.Io oloar,.,- hy l•,,fol•o„M. to flio 
ihaomiu of apparatus (Kipy l.i A hoatt. of liprht is p.u«o.l 
through ,, polarizor tXiool pristu), so that tl.o yilmitions of tho 
iK'aui tako plaoo i,i only ouo plauo tipot, ouior^otioy. If it is 
thou passo.l .liroolly through a„ aualyzor (Niool prist,',) th.. Iatt..l 
may ho sitt at stioh at, uiikIo as to |u.ovont all |ips|,t fro,,, passii,.. 
tlu'oiioli it, anil thus [ll•ol|t,oo ihirktii.sK hoyotid the, aiialyzoi" 
kai-a,lay's ilisoovory was, that if a l„.a,.i of i>olarizo.l lio'ht is 
ptssoil thiTuioh sotiio mIkI.!,,,: it, tho tlirootioi, of tho li,i,.s of 
maituotizatiot, wilhi.i that sithslauoo. tlu-iv is a rotation of tho 
l>la,.o of polarizatio,, in a ,|in.,.ti„„ „.|iioh is tho samo .ut tho 
ilirooltou of tho oun-ottl ,-o,p,i,.o,l to |,ro,l,„.o suol, a maounti.- 
lield. f he dirm-tion of retntiifti is unulteriifi, tlieref(»rf\ wliether 
the lij^ht iMnim advances in the sntne. or the opposite <lireetion to 
the muj^neti/jition, so that u hiami ridleetetl hack and i\n‘th 
throu^rh tile .sn>».stanee .-cveral tiine-s, has its rotation lUcreaHed by 
eipuil amounts emdi time. If the direetionof tlie ray of light he 
at right angles to tlie Hm-.s of magnefization, tliere in no rotation 
produced. 'Plm anmiint of thi.s rotation has heen curefullv in- 
vestigaUfd by Vmvlet, wim amiouiauMl lawa l.v whieli it may lie 
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expressed. They are summed up in the following statement: 
‘‘ The rotation of the plane of polarization for monochromatic 
“ light is in any given substance proportional to the di:fferenee in 
magnetic potential between the points of entrance and emer- 
‘‘ genee of the ray ”; that is, it is equal to a constant times this 
•“ difference of potential, and is expressed by the formula 

6 = V F, (1) 

where d = angle of rotation, V = difference in magnetic poten¬ 
tial, and v for a given wave-length is constant in any one sub- 



stance This constant is known as Verdet’s constant. If now 
the light IS ]^ed throngh the polarizer and then throngh a tnbe 
containing the snbstance nsed, aronnd which is wonnd a coil of 
and flience throngh the analyzer, an observer would find 

sT b, the analyzer, when 

»et in the crossed position. Bnt if withont movilig the 

analyzer a cnroent is sent throngh the coil on the tubeflivht 
appears to the oteerver. This is becanse the plane of polai£a- 
has been rotated by the current, and practically the prisms 
are no lon^r crossed. Now let the analyL be rlted S 
the enrrent IS still flowing, and the observer will see a aeries of 
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beautiful rclors tbrou^rl, Mu. aualvzer, a ditfeivur out* bn- 
poBituui oi It; but as buii.* as tlu‘ <!UiTt‘Ht H<)\vs, be eauiiet pro- 
duee (larkjie.ss a-'uin by any anumut of n.tatioii of tbe uuulvzer. 

llieelfeet su^’^n.sts what 1 .^ kn«»wii to la* a fact, tiuit tbe differ¬ 
ent wave-leuo’tbs e.aupusiuu- wbib* liijlit are rotate<i by tbe 
eurreui in different amounts, ... that wl.en tbe analyzer is tur.nal 
to the an^de eorres,>omlin- (o tb.. yelb^w liirbt,’K«v, only the 
yellow h^d.t IS preyented from passin.£i throned. tbV analyzer 
All the other rays, beino- rotated by ^lilferent amounts,'pass 
tlirouirb the analyzer, and there bein^r mixed to^^etlier they .dve 
rise to the series of beautiful eomplex eolors almye mentione<l. 
A <bffertujt eoh>r is seen for eaeh position of the. analyzm- be- 
eause m ea<*h position a different <‘<dor is subtraet(*d froin white 

h^dit, and the obsery.«r sees what is left, or merely the eomnle- 
meiitary (;t>lor. ‘ ‘ 

riir linv whirl, trlls tin- ,11,11,1,111 „f .liif,,,., 

rill is |.n.|tv ,„.,.iiml.-lv ki,„wi,: ,1,1,1 flir,.rv i„ this u 

IM .■l.isr will, .. hirls. Ti„. . wllirl, 

,'l,.s„l.,' i.s|m.ss,.s fli,. „ii„.i,ii, „r ,l„. ,|is|„.,si,rt| f,„. ,|iir,,|.,,„| 

wave-h'ujiths may la* written: , 


"‘Y I / f/ //\ 
/‘V . ,,,/Jt/' 


where e is Mu* so-ea!led \^‘rdi*t’s e(,n.stunt, /. tin- wavedemr,!, 
and « the imlex of refraetion of the medium: e is a eoiistant 
for any one medium, wldeb is, howi*ver, for dilferenr mi*diu in¬ 
versely proportbmul to the penmaibility of the niedimn. This 
»s a fi.rimda at whieh Maxwell arrived from Ids the«n*v id’molee- 
ular vortie»*s, and we shidl ..*•< how elomdy it is in a’<*eord with 
observation, W«^ se«; by this fonnuiu tbat V«*rd<d.’s eonHtinit de¬ 
pends not only upon the wavedenjjth, Imt np«)U tin* index of 
re.fraetiou eorrespomlintj to that partieiilar wave-length, and uls., 
upon the rate ed’ eliange of tin* index with re.s)M?et bi the wave- 
bmgth. It this mte of etjange of « with resjua-t to / is Himdl, 
us would be the ease with a snb.sfanee wln?rf5 the dis|a‘mioM is 
small, atu! the index of refruetion regardml us Hpproximut(*lv 
eonsfant, tben it is seen tlnti tin* formnbi r4‘d«ee« t« an t*xtremely 
simple form, viz: 

lien* Verdid’s eonsfanf is inversely proportional tu tbe s<|imre of 
tin? wavedength, irsing tlda approximate form for the preaemt, 
we see from Verdet’s law, et|imtio« tl), that 
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a =1 r V 


. I. 


But the diffci-enec of inaj^netie potential, I ", is wl,ere E / 

is auipere-tiirna, and thus we have 

ff = 4 TT e, A' i! Id X' r, ;./X\ (5y 

where ' 

«?2 r~ 4 ;r o, aS'/10. 



A .•ofoi^nce to Fig, a «-Ul sl,o«- this rclntiou botwoc aorio of 
B. B, B -.d o. The radii of the oi..lea'^briatcZ 


spimls are proportioMl to the current flowing in tho circuit 


aection, makes with o i», represents the 


rotation for that pai^ticu- 
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lar wave-length and onrreut. The anii-al f) A ,•« a 

mdicates that the red rays are not rotated so ranch as^the bine 
The direetaon of rotation in the diagram is as kacated bv t^ 
^w. Kow, retnming to the oliserver looking throngh tL 
analyser It he conld resolve the light there seen into afn^ 
^lors of the speotmm, what he shonld expect would be witC 

cnrren^ a complete spectrum, since rays are rotated bv the 

current. But let him rotate the analyzer, and he finds that first 
rae color and ken another disappears, and a dark band is seen 
to move amss the spectrum as he rotates the analyzer 
let kin rotate the analyzer to a certain angle and We it there 
whde he vanes the current. He should Lpect that the band 
would move but worild vanish entirely with eero current md 
thus pi event observation for small currents. * 

Fortunately we have substances which naturally rotate a beam 
of polled light, for by means of this aid we may obviate the 
difaeulty that the band vanishes witli no current For instance 

onWi • perpendicular to the 

optic axis has this properly of rotating the plane of polarization. 

Quartz is selected for the material used because if its ereat 

transparency and high specific rotary power. The law of the 

rotation is sitndar to that already mentioned for the rotation by 

the current The approximate law is, tliat the rotation is in^ 

presS:-*^® wave-length, which may be ex- 

9 = {Ti 

where is the angle of rotation for the wave-length >l o is a 
constant, and «18 the thickness of the plate. The teickiei of 
the quartz plate is seen to correspond to the current in equation 
(»;. ig. 2 represents the actual rotation for different thiok- 

hTth Jk ’ “■responding to a plate one millime¬ 

tre thick. The equivalent of a quartz plate one millimetre thick 

18 represented approximately by 35,700 ampere-turns wound 
upon a tube contaming carbon bisulphide. This latter is the 

substance used, being selected on account of its high transparenev 
and specific rotation. ^ 

If a quartz plate be placed between polarizer and analyzer, the 
effect IS the same as if the current circulated around the tube of 
rarbon bisulphide, and we may, by rotating the analyzer, move 
e dark band completely across the spectrum by means of the 
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quartz plate without imy eurroiit. Miit suppose \vi* !m»f the 
analyzer bo that the dark hand remains in the center ul* the spi.t*. 
trum, and then pass a current throii^di flio We ohservc u 

motion of this dark hand hack and forth throiii^h the spcctriim 
as the current is repeatedly reversed. For any ijiveij current its 
position is always the Banie, so that ils nnhion inav la; c;tiihratt;d 
by passing known currents through the coil. Ihivt; we not in 
tins, found a weightless vibrator that is sure tfj move in unison 
with the currents, if the term is allowed { 

Before passing on to the more pi*a<!tical side of the .jucstion, it 
may he asked, will this hand move hack ami forth so that ils d'is- 
placement is approximately proportional to tin; <Mtrren( i 'ri,c 
answer to this question lies so near at hand that ytmr attention is 
invited to it for a moment. The rotatiem of the plum- hy oiiartz 

IS approximately represented by the formula 

^ . 9? = r‘, c//.> 

The rotation hy the current is ropresenhMl hv 

0 = c, 

If both these rotations take jila™ t.jKotliur, lli.. resultant is 
merely the sum of the components, and 

f ^ + 'a '■) j,. ,n) 

Tlie position of U.e dark band dcpninls nin.i, t|„, j,,,, 

an^r. Let the analyzer be sot at s»,m. .nnivetihnit iuikIo, «, 
with the position of tioinpleto darkiiosa, ami let it reiimiu theiv’ 
ahen the wave-length or color where the dnrk hand oeriirs for 
the^qnartz plate (being ealled is given by (7) above, and J 


The wave-length eorrosjiondiiig to this constant angle, when 
both quartz and current are used, is given liy (s), have 

® = (o« «-f-Ojf) -i, 

in which I is that wave-length corresponding to a certain eurreiit 
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This may be written 

S (12) 

Tplrf ^ 

two sets of parabolas obtaiMd from equation 
tliat ^ and e take in snecessiou different valnel Whm™ =”f 
mm. the set of parabolas marked i is obtained, and where e - 
6 mm set „ rs ol,tamed. By giving i different vdnes we meroi; 
vary he parameter of the parabola withont ehangino til S 
It will be remembered that 1, represents that wave-tength eoral: 



pondmg to the positions of the dark band for no current It is 
tWore the value of X when i is equal to zero, as appears from 

the right of the figure, upon which the letters a, b, etc are 

hotel r positions of the various Fraun- 

ofer lines, and one parabola is drawn for each line Each 

^bola then oorr®ponds to one sotting of the analyzer and the 

a k band is found at these lines of the spectrum for zero onr- 

blue end, of tlie spectrum. The axis of current is the base line 
of the diagram, and currents to the left of the vertical Kne are 
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called negative, while those to the right are eallcil positive. The 
axes of all tlie parabolas coincide with each other and with tliat 
of the current, and for a given quart/ plate they all iiitersetn thi.s 
axis at the same point, so that taking ditferent settings of the 
polarizer is equivalent to changing tlie parameter only of tin? 
parabola. 

The interpretation of these results may be )>ut as follows: If 
we have a spectrum in which the wave-lengths are proportional 
to the distances along the spectrum (wliich is the case with I*rt»- 
fessor Rowland’s arrangement of a coneavi! gratingb (hen the 
displacement of the dark band to one side or the <dln‘r, dim 
to the current, will be exactly according to the shape <d’ these 
parabolas near the zero point; that is, near the vertical line 
lettered A, n, etc. Since it appears that each parabola at such a 
great distance from the origin is nearly a stinight line, the dIs- 

placement in such a spectrum will be nearly {iroportional to the 
current. 

^ A noticeable feature, easily revealed by the graphical inmstruc- 
tion, 18 that in the red end of the spectrum, where the inclination 
, of the parabola to the i axis is tlie greatest, the motion of the 
band will be the greatest for a given (airrent. 

Of course it is understood that this (amstructlon has to do with 
the relation between the wave length and the eurreut, uinl not 
between the displacement and current, Unle.ss the wavi*.length 
and displacement are proportional. It does not apply, for 
instance, to the displacement in the spectrum <»f most iiristus. In 
the prisms used, the red rays wore so crowded together that the 
motion as observed was nearly the same in the ml an in tlm blue. 
The width of the band, however, is for this reason iiarmwer in 

the red than m the blue~a consideration of considerable poeti¬ 
cal importance. * 

Desoription op Some op Tirij Apparatus, 

The tube upon which the coil carrying the current was wmund 

Ta f internal, and 1.8 cm. external, dinrrmter, 

and TOAo cm. long. The tube was filled with carbon bisulphide 
w-hich was confined in the tube by means of two plane plrallel 

11 ^ layers of Ko 

tube of 61.5 cm. lUe wire was wound so that loO turns oocii- 
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pied 12.7 cm. Thns tlie total nnmbei- of turns, 2,900, is very 
large considering tlie size of wire. » > ■ J 

heZtaf”'** ™ *■“” ‘I*® 

Iw obtained 

bj Daitmoutli College at a time when larger speoimens could be 

obtoined than may now easily be found. The slit does not need 
to )e very narrow. A width of a quarter to a half-millimetre will 
do better than a narrower one, because mom light is admitted to 
the photographic plate, and in passing through so many different 
substances even sunlight is rendered comparatively feeble by the 
time it strikes the photographic plate. 

A further description of the apparatus is hardly deemed to be 
necessary, inasmuch as no claim is made to having obtained more 
than the most crude of first results, which may be the results ob¬ 
tained by apparatus arranged in a comparatively poor manner for 
the end sought. Yet the results obtained seem to be so promis¬ 
ing for the future, that the subject is presented to you at this 
early date in the experiment, in the hope that it may soon receive 
an impetus from other experimenters who have better facilities 
than those at my disposal, and thus become a fruitful source of 
extending our knowledge of instantaneous current flow in con¬ 
ductors. 

The objections which most naturally suggest themselves 
against this method of taking current curves are perhaps the 
following. The photograpliic plate must move so quickly that 
the time of exposure of any one part of the plate is extremely 
short, lo meet this demand the most sensitive plates that can 
be made shonld be used. The width of the band with any given 
plate depends largely upon the time of exposure. Then, too, a 
plate is to bo desired that will photograph toward the red end *of 
the spectrum as well as in the blue. The iiand does not possess 
very sharp outlines, hut gradually shades off from dark to light. 

Xhese objections do not have so much weight, however, in 
cases where the general direction of the variation of the current 
is what is wanted, more than any exact measurement of its 
amount, and in the majority of cases this is really what is required, 
yet it cannot be said that ib these preliminary experiments the 
band used was nearly as sharp as may be obtained. 

Another objection of a different nature that seems difficult to 
avoid is the fact that the coil, which is wound upon the tube, 
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must necessarily possess a small amount of self-induction. It 
may be said, however, that even though we are prohibited from 
measuring certain currents on account of this self-induction, we 
are always sure that we are measuring the exact current which is 
flowing through the coil. 


A More Exact Expression op the ItELATK>N between the 
W^ave-Lbnq-’ih and Vkrdet’s Constant. 

The approximate relation between the wave-length and Verdet’s 
constant used above was that Yerdet’s constant varied inveraely 
as the square of the wave-length. It is considere.l of sufficient 
interest to inquire just how nearly this is an approximate formula. 

By reference to equation (2) it is evident that if we only knew 
the relation between the index of refraction and the wave-length 
we might obtain the relation between the wave-length and 

Verdets constant in terms of these two quantities alone and 
constants. 

Sneh a relaHou is afforded by Briot’s forraula. which is a modi- 
cTuthy. "P"" well-knowu formula of 

l/n" = i -I- 4 ^ ^ cVi'-l- ...(14^ 

lenSII'andl B 1 wave- 

engtli A, and I, A, B, etc., are constants for the given substance 

A^m.^ that all terms beyoud^S/i^ ate negligible we ry 

differentiate with respect to X and obtain the equation ^ 

X dn „ /B \ 

n~drx~ ^ (15) 

Upon eliminating Bjif between (14) and (15), we obtain 
X VI ^ 

nTX ^ ^ ~ (16) 

Substituting in (2) the ejtpression thus obtained, we have 

But by (14) ® ^ (2 * + A/l»). („) 

Hence ^ (18) 

This f„ ’’ T ^ ^ + A 5 /lt)-}. (19) 

obsemd “„S"!f »'"S'* degme of a^umey the 

mines of Terdet’s constant for carbon bisulphidk It 
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protebly would for any other substances, but carbon bisulphide 
IS the only one to which it has been applied by me The 

the observed values of the refractive index for known wave- 

^TdIic pf ’’y GWstone 

and Dale. (See Glazehrook’s Physical Optics, page 243) 


Line of spectrum. 


A 7621 
B 6870 
C 6*6^ 
5893 


Index of refraction 
for carbon bisulphide. 


Line of spectrum. 


E 5370 
F 4861 
G 4308 
H 3969 


Index of refraction 
for carbon bisulphide. 


These values give curve i, in Fig. 4 . The lines a, f, and 


S 1.C8 

.9 a 

2 1 

“ 1.00 

® t Jir 
CH JO 1.0c 

^ Is 

S O 1.01 
*0 L 



Wave Lengths in tenth-meters A 


Fia 4. 


H were selected and tliree simultaneous equations formed from 
(14), so that the resulting curve ii should pass throuo-h these 
three observed points. ° 

The values 

^ ~ 1.98 X 10-w ‘ (20) 

-d. = .41384, (21) 

H = 1076250, (22) 

were obtained by the determinant solution of these three simul¬ 
taneous equations. The resulting black curve may not appear to« 
coincide very closely with the red, but it must be remembered 
that the origin of coordinates is a long distance below the paper^ 
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and the apparent differences are bnt a very small fraction of the 
whole. The unit is the tenth metre for wave-lengths. 

Having these constants, they may now be substituted in (|<)), 



Wovo Longtlia in tanth-maliors A 

Fro. D. 


V'erdet’s constant. 


and 0 determined from the observed values of 
These observed values are: 
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Using aese constante for equation (19), we obtain curve i, in 

Fig. 6. The points marked x are observed values, and the cal- 
culated curve practically passes through them all. 

Verfipe co‘V’l° the appro-viraate law that 

Verdets constant is inversely as the square of the wave-length 

and the degree of the approximation may be observed. ^ 

,, Discussion. 

Mr. bTBiNMBTz:-! have listened to this important naner with 

some yeare ago Dr 

Frohhch, of Germany, proposed a method of taking indicatof card^ 
of alternating currents. His method, however, had thTseS 
defect of all methods to employ moving parts How 

here, in this method, we see a beam of liglit, whmh h^ no inertia 
whatever, trace the picture of the alternating currentfarthat we 
can expect here to get a true picture of the alternating Z-ent 
wave or any other electric current, not by a senes of comSted 
and tedious instnntaneons readings, but with almost the same 
oaseasa steam engine indicator card. This, I think, is a v^y 
irnportant step m advance. For practical use, it is of great iin- 

values—the amplitude of oscillation of the 
black band in the spectrum, proporiional to the intensity of the 
current, so that the photograph need not be reduced. !rhe use 
of the dass prism gives the amplitude, in the red, larger than 
in the violet PHrt of spectrum. Uowever, this is not unavoidable 
m this method, because by re])lacing the glass prism by a refrac¬ 
tion grating, at the expense of a large amount of light, indeed 
you can get proportionality between the current and the ampli¬ 
tude of the black band, bo it is a question of the intensity of 
the picture against proportionality to the current. 

It is especially interesting to niite from the parabolic equation, 
that 18 the dependence of the current on the amplitude of osciU 
lations of the black band, that that part of the parabola which 
IS within the ran^e of the spectrum, is very nearly straight, that 
IS to say, the motion of the black band in the spectrum is almost 
proportional to the intensity of currents. All this goes to make 
the tracing of the instrument the direct picture of the wave, and 
not ‘nerdv a picture which has to be reduced to get the exact 
value. Though not so important for the physical laboratory, this 
IS very nnportant for the practical use of such an instrument. I 
think, therefore, that this method is exceedingly valuable, and 
will perhaps, give us one of the most important instruments of 
electrical engineering when worked out in detail, of the same 
usefulness as the steam engine indicator. 

Prop. Anthony:—! do not care to spend time, at this late 
hour, in the discussion of the paper. I merely want to say that 
mis has been an extremely interesting paper to me, and I be¬ 
lieve that the ingenuity displayed in bringing out the results here 
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is something that we tniglit fully to roeognijct;. I l)eIiove that tlus 
instrument will be a most important iiistnimcnt in the investi^ni- 
tion ot alternating currents. ■“* 

[The meeting then adjourned tor the dny.j 


The afternoon was devoted to a trip down th(‘ river a visit 
being mad^ to Cramixs’ shipyard. (jlouee.s(er, N. d. wa‘ m vt 
visited and after an e.K(mr.sion on the ehu-trie railwav, and a visit 
to the power-house, a “planked-shad” dinnor was .sorveil 

PhZdfd^ ^-“.iCine»‘r.s and Manufaetiirers of 

I. Inladtlphia, and under the management of tin* Snh-( \»mmittee 

on Entertainment. The party returned to IMiihnhdnhia hv a 
special steamer up the Schuylkill river. 



/«!.>' •’/ -.If: / ■/ /.VV; yj-j.-.f/ 

l.ngtn.wrx, , M.ty , .-.V,,.,.. /Vvv«- 

it; .*«,• 


RIvSONANt’K AX.M.VSIS OR ALTKRNATING ANI> 

I’nl.vniASK (’UHKKNTS. 

I!V Vf. ». IMUMN. PM. M. 

I- TION, 

lUn prpNPniM- .i} harnioiiics ju an altpriiatiii/r (.nmaii 

wa%’it IS a hM*f whi.-h nuvi'ul n.iiisiiiprafinn, hotli on ai*- 

‘»t tliM jmivlv sPinifili. infMVsf whirl, is aftadual to it, nn.l 
«1h, on HiM-uniituf Jhr|PrhnM.allH.ari,iirMf PlrntiMeal rcs<>„ut,c,P 
lija.M tin* pui,.Htrnrt,Hf, uf cun.iurrnr.s jMtsHP.sHinu; approdahUi ,lis- 
tnluihMl fujmrify. 

Tiiat alhMiiutiML^ run-rnf an*i ph-r*trom«»iv,,, tom, wavos of a 
variety <»! lurnis p.m hp pi'.MliiPcd hv i>niji(‘rly <losim,in.r 
tlip. iMilp.pippps Mi' ihv r„.h{ n,a-rM*t. ami tho iron «or« of tlio 
arinatiu-M of ai, alfprnaf.op, k a f;,or nnarlvas old as tin* dispovcry 
of iditrfro iiKi^oii.tm induoriH,.. R„|ly «« ,dd is also the kuow'h 
pd;^e tlnif u^'roat vanef y of alciTfiatom'rpnt and (deefromotiv,* 
hnVH waves ran ho obtainp.l hy nmatm of the induetion of an 
intorruittent nirrenf, 

A raiofu) i„voHh-;.tfioii 4 d' flow waves was first made nioretlian 
forty years :i|;o hy fp-nv.* and Koosen,Mvlio emjdoyefl ultorriators 
with iron in tlio arnialnrp. They plotted tlieso waves from the 
itistantarieon^ values of eurreiir arid cdeetronMitive force obtained 
hy ifie.ms o| tho now welMtiiown revolvim; slhlinji^ contact. Kni- 
ployin^ the same method of investigation doiilicri" showed in 
ISHfl that the #dwtroniofive foree wave obtained froni an citiht 
jiole Btetiiims alternator wifhout iron in the arniatum is very 
nearly a pure sine wave. 'I'he method is imw Ictiown as Joa 

t' /''W/ >t««, »,J {4, .Jof, JS{!|; p. . 

»• i*Utl -hoe I',, asa, 

wit V i«h imi ; Anil. i\, IVfrMli! stijii.r. 10 j., lai. 
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herfs TiietJwdof diding Gimtaot. In 1888, Dr. L. Dunoan’ allowed 
how Eiieceasfullj this method can be employed in the atndy of 
alternating current waves produced liy commercial machinea in 
actual operation. The same method was considerably elaborated 
by Professor H. J. Ryan* in an inveatigation of the action of 
transformers. The imm, indicator diugmni.,'' has beem ap¬ 
plied to wave curves of current and electromotive force obtained 
by Joubert’s method, and very properly, I think, because they 
do very clearly indicate tlie action of alternating current ap¬ 
paratus. The process of taking those indicator diagrams has been 
shortened very much by Dr. L. Duncan’s four dynamometer 
method. 

Our knowledge of the action of alternating current apparatus 
has been extended considerably by these imlicator diagrams. 

For instance, we are now much more certain of the limitations 
which must be imposed upon the simple harmonic wave theory of 
alternating currents than wo were a few years ago, and it looks 
very much as if progress in this direction, eveti more than in any 
-other, meant progress towards a complete theory of tlie working 
•of alternating current apparatus. Hence the desirability of as 
large a number of workers iu this particular ri’gion of tdectrical 
research as possible. 

There is no doubt that a simpler method would increase this 
number: for though much must be said iu favor of the sliiUng 
contact method of obtaining indicator diagratna, yet it must also 
be acknowledged that the method is a very lalmrious and unin¬ 
teresting process of investigation. A great many attorn}>ts have 
been made to devise some optical or some automatic meihoil, hut 
witJi little success. There is another reason why a new method 
of studying alternating current waves seems desirable. It is 
this: The method of sliding contact is not suHiciently sen¬ 
sitive to detect small deviations from a true sine wave, and con¬ 
sequently it is not capable of following up the causes of these 
deviations, when the effects seem to beahscut. For instance, the 
primary current of a transfortnor can diller very much from a true 
sine form when the secondary circuit is open, but when a large 
current is flowing through an approximately non-solf-indactive 
secondary circuit, then the primary can be made to differ inap-. 
preciahly from a true sine wave. The ipimiion arisen now^ 
Buiican, 

a. Transaotions, voI. vii, p. 1, Jan., 1800. 



1894.1 


pvpiy ox h'h'.soxAxaii: analyisja. 


r,2r, 


whHt h»« hm,m.’ „f th, ,, th.: mamdaru carrier a 

hmvij Ivini f 

Thi.s .iiU‘sriHM is t.f scifntilic interct^t; it i:? also of con- 

eiilurahli- tivlu.ii-al F.,r, if those causes are present 

at all l<»iuis, an*l only huhleii hy the principal wave, then, consider¬ 
ing that ihest* hid.itoi small enises can pnaluce large elfeetawhen 
cotiditinns favoring resunanec arise, it is evident that they must he 
carel'nll.v watched and guarded againstin the construction of loinr 
lines possessing distiihufial capacity. I do not think that indicahn- 
diagrams i.htaimal l.y the uictlmd of sliding contact arc capable 
of giving adclifiitc answer to this iniportunt (lucKiion. 

J he niethoii (d analy/.ingalitu’uating (rnnanit waves hy electrical 
rcHoiiance winmi I cmid.,ycd in the following investigation was 
suggested hy int‘ a year ago'. It is the oh)cct of this paper 
to dcserihe this inellnal at H»mn* lengtii, and to’illnstratc, hy some 
<jf the more .!clinit<«. results so far obtained, the simplicity, sen¬ 
sitiveness and rcliahiliry id' tin* method, I shall also point out that 
tills methiid of rcsiMimiec analysis wtuks (piite satisfactorily even 
in thiise ca>ms ullndiMi to ais.vc, when, the slhling contact liiethoil 
would, in alt ptiihahifiiy, fait. 


n. DsNi’uii'iioN OK tns: MKTiion, 

(’onsitlcr flic fidlowing arrangement of circuits:-—A tion-sclf- 
ifidm-tive rc>t.stancc oA t'lg, lu i.s inserted in the circuit of 
!Ui alteinator a luid the primary n of a trausfijriner. In 

shunt with nh is a tortmir, //, c, r/, A, collKi^tiug of mi 
inertia coil, e, »>f a large nuinher of turns of coppitr wire of low 
resistance, about pi fdims, hut coitraining no iron, and a con¬ 
denser, </, «i-vidcil iiitii .sulidivisioiis ranging from .001 m. f. up. 
In shunt with the comlctiHcr, d, is att electrostatic voltmeter, 
The self-imluciioii of the cidi, c, cauhe varied hy throwing a 
larger or Hiiialler number f»f its secliouH into the circuit. Tlie 
resisfance can be varied by u rlieostat,/ 8u{»poso now that tlie 
self iiidiic.iiMii id r is kept condauf, mid that the capacity of the 
coudiUiscr is gr.wiually iiw'reased Iroiit aero up. Wheuevor a 
eitpacity has hceti rcitdicd which, with the self-induetiori of the 
circuit c, f A, prfiduces reHOiiatice with one of the har¬ 
monics in tin? iimiii circuit, then the resonant rise of potoiitiiil will 
produce a large delicctioii in rhe voltmeter. In this inafincr all 

1. M. 1, Pupiu, *• Kfiri*fri«*Hl Ow'illtilifiMs of bow I''n»uu«iU5V ntiil thdr Itaso- 
oarits, Juurmil of hrimu, vol. *lv., p. 4a9, May, '1808. ^ 
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the harmonics which are present in the eiirrunt of the main cir¬ 
cuit can be detected in the course of a few minutes. If the m*(>- 
nator oiromt^ «, o*, f, h. is placed in shunt with the non- 
eelf-iriduetive circuit (tliis circuit is denoted in Fig. h/, by a lino 
beaded with asterisks and running from one pole of the alter- 
nator to the other) consisting of a bardc of iucandeHcent lamps, 
then the harmonics of the impressed electromotive force can bo 
detected in the same manner. The ratio of tlio amplitudes of 
these harmonics to that of the fundamental can also be de¬ 
termined by this method, if desirable, provided the conditions of 



the experiment are properly arranged. For lot the current in the 
main circuit be 

X = ai sin pt -j- % sin 3 pt ~j~ .. , , -f. sin a pt -f- ... 
then the drop between a and h can be represented by 
^ sin pt -j- •. 1}^ sin a pt, 

where \ r, 

^ = ohmic resistance between a and b. 

Denoting now by 

L the self-induction of the resonator a a d f b a. 

M the resistance of the resonator a g d f h a, 

0 the capacity of the resonator a g d f b 
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be eaeily shown'that tho current in the .nsonator 

If, therefore, the capacity (7 is adjusted in such a way that— 

1 

G -^ = 0 , 

then the circuit will be in resonance with the harmonic of fre- 
qnency and if L is sufficiently large and R sufficiently 
small (two conditions which are very easily fulfilled) then the 
current y is to within a small fraction of a per cent, given by 

y = ^8inapt 

The amplitude of the potential difference in the condenser 
which is measured by the voltmeter e is given by 

« ^ «»a. 

In the same way we obtain for the fundamental frequency 


Hence 


B ^ 


P - ® "t-- ®-* 

0i Ox • 


This gives the ratio of the amplitude of the harmonic of 
frequency apto that of the fundamental. Let a = 5, then, 

4 . ^5 &0 _ «5 

^ The voltnaeter readings which givePj and Pj magnify that ratio 
five times, in the case of the fifth harmonic, and it can be easily 
seen that a similar relation holds true for other, harmonics. This 
is a very desirable feature of the method, considering that the 
amplitudes of the upper harmonics are generally small in com¬ 
parison to tho amplitude of the fundamental. 

When quantitatively very accurate results are desired, then a 
l ow resistance, say one ohm, should be used for the section a I, 


1. For further information see the authors’s paper cited above. 
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and an electrometer capable of givinpf a largo doflection for about 
ten volts. 

The principal interest, however, in the study of the distortion 
of alternating current waves, is centered not so nnioh in the exact 
ratio of the amplitudes of the harmonics to the amplitude of 
the fundamental wave, as it is in the causes producing these har¬ 
monics, and the conditions which modify the effects of these 
causes. Hence a quantitatively less accurate arrangement will do, 
provided that it is very sensitive, simple and easily luauigeable. 
Such an arrangement is given in Fig. Ih, 

It differs from that given in Fig. \a> in the substitution of an 
air core transformer coll a' b' for the non-self-inductive resistance 
a h. The secondary of this coil forms a part of the resonator 

a 


FlO. 1&. 

circuit.. For every harmonic of tlio inducing current wo shall 
have a harmonic electromotive force of the sattie frequency in 
the resonant circuit. By varying the capacity in the resonator 
and watching the voltmeter needle, wo can tell, by the deflection 
of the needle, whenever we have reached the capacity which, 
with the self-induction of the resonator brings this circuit into 
resonance with one of tho hariuoiiics. A reference to Fig. 3 
will explain this more clearly. 

In this figure the lower horizontal row of figures refers to tho 
two peaked curve, the upper row refers to the dotted fiat-peaked 
curve. The vertical column denotes the voltmeter readings in volts. 

the two-peaked curve. It expresses tho law of 
variation of. tho voltmeter readings when tho capacity of the res- 





1894.] 


PCTPJiV ON RB180NANGE ANALYSIS. 


^ator oircuHls varied from 0 to 2 microfarads, the self-indnction 

being kept constant. The readings are recorded in Table I. 


TABLE 1. 

Voltmeter readings 
in Volte. 

. 62 

. 68 

. 73.5 

... 79 

. 89 

96 

.. 104 

. 110 

. .. 120 

.. 126 

127 

. 125 

... 99 

. 71 

. Verylo-w 

. 69 

. 89 

.. . 120 

.. 146 

.. 146. 

. 145 

.,.. ... 96 

... 60 

The voltmeter employed in all these experiments was a Sir 
william Thomson’s mnlticellular voltmeter with a range from 60' 
to 240 volts. The curve was obtained from a 10 h. p. Fort Wayne 
eight-pole alternator with smooth core armature feeding a 5 k. w. 
Stanley transformer (closed magnetic circuit), the secondary being 
open. It is seen that resonance took place at .190 m. f. and 1.8- 
M. p. The capacity of the inertia coil o' Fig. 15, and of the volt¬ 
meter as gathered from all experimental data was about .011 
so that the real capacities at which resonance took place were 
.201 M. p. and 1.81 m. p., that is, in a ratio to each other as 1:3®.. 
It will be seen, however, that a very accurate knowledge of capac¬ 
ity is not required in the following experiments. 

The frequencies detected by the two-peaked curve, which I 
shall call the resoncmoe diagram, were the fundamental and the 
first odd harmonic, that is, the harmonic of three times the fre¬ 
quency of the fundamental. The resonance diagram has, of 
course, as many peaks as there are frequencies in the inducing 


Capacity in m. k. 

.18 ... 
.181 ... 
.182 ... 
.183 ... 
.184 ... 
.186 ... 
.186 ... 
.187 ... 
.188 ... 
.189 .. 

.190 .. 
.191 ... 
.194 .... 
.198 ... 
.202 ... 
1.66 .... 
1.70 .... 

1.76 .... 

1.80 ... 
1.808 ... 
1.817 ... 
1.897 ... 
1.976 ... 

























S80 


PUPIN ON BESONANOE ANALYSIS, 


[May 18. 


<}urrent.^ The dotted curve (flat-peaked) in Fig 2 was plotted 
on an enlarged scale from the readings taken in detecting the first 
harmonic, represented by the sharp peak of the resonance dia¬ 
gram, and represents this peak spread out, so as to show how 
the various readings fit into a well defined and symmetrical 
ourve such as required by theory. It also shows that a condenser 
of small sub-divisions must be employed in order to detect higher 
harmonics. But it should be observed that these higher har¬ 
monics can also be detected witli coarser sub-divisions, provided 
the self-induction of the inertia coil is made small enough. 



Description of Exphrimknts. 

• The resoncmee diagram obtained by the method of Fig. .1 h 
gives the number of harmonics which are present in the indu¬ 
cing current. It does not give the exact value of the amplitudes 
of these harmonics. It would be somewhat premature to discuss 
the theory of the resonance diagram obtained byJihis arrango- 

1. I have never detected an even harmonic in alternating cxirrent waves pro¬ 
duced by ordinary commercial alternating current apparatus, and conclude, 
■therefore, that such harmonics do not exist there. In machines of tjorfeetly 
symmetrical construction, even harmonics should of course not appear, as observed 
some time ago by Prof. Ayrton. Alternators with slotted armacui'os give waves 
in which all the odd harmonics up to the harmonic of nine times the frequency 
•«f _ae fundamental can be easily detected. As a rule tlie fli-st odd harmonic 
18 the strongest. 
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lueiit, anti t(t sliow how tlie ratio of the aniplitiulcs of the har- 
nnmicn tt* that of the fumiaiiiental fmiuency of the indneing 
current, that is tlie exact et»lur of tltis enrrcnit, could he calculated 
from tint ratit) of the height of the peaks in the. resonance dia¬ 
gram. ISntliee it, for the present, to mention only that the peaks 
of this diagram represent the amplitudes of the harmonica, inag- 
nilied alnmt propm’tionally t»> the sipiaro of the frequency. For 
instance, the resonance diagram in Fig. 3 tells us that the ampli¬ 
tude of the lirst oild harmonic in the inducing current is about 
otuoninth of the amplitmie «d* the fundamental, 77 /o tfetemd' 



nathm uf lh> t j'tivi t'lilff* o/' ruth) Wits nttt tfn ohjrrt ttf the 
f(ilh)tt'iiiff r-i'jtf rh/if )tf-^'. J*h*'lr (um iruD to tlrt^rt the pm^Cnrr (if 
httrmouh'fi, to triirr tfoor orhjiu (Hot Ui utothj their mrhttion with, 
tiu voroitioti of thr huitf oml of other rh uit otx of t/o- rinwit 
on whh'h thrHv htinoooirs amn to tlrpnot, 

Prdittdioirt/ 7Vw/,v.«—In iu'dur to form an estimate in how 
far tlui ex[»erimental flata obtained by tlie arrangement of Fig. \h 
agreed with the theory, the following tests were applied, 

f/. tSttHflii of tho itompiipi r.fh ot of th didmirh'. in the eon- 
drnm\ 
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Let L = self-indnetion of the resonator circuit. 

Let B, = resistance of the resonator circuit. 

Let P= amplitude of the difference of potential in the con¬ 
denser when point of resonance has been reached. 

Let E = amplitude of impressed electromotive force in the 
resonance circuit: 
then according to theory 

p=tiE. ' 

Ji 

Hence if the R is varied, P will vary also, but in such a way 
that 

PR — constant. 

That is to say, if we vary the resistance of a resonant circuit, 
and tabulate the voltmeter defection for every particular resist¬ 
ance, and then plot a curve taking the resistances for absciss£e, 
and the voltmeter readings for ordinates we should, according to 
theory, obtain an equilateral hyperbola. Curves ii and m. Fig. 
3, were obtained that way, the frequency employed was that of 
the 10 H, p. alternator, that is, 130 periods per second. 


TABLE II. 



The experimental data from which they were plotted are given 
in Table II. Carve n was plotted from voltmeter readings ob- 
tamed with a mica condenser. Curve iii represents the corres¬ 
ponding readings obtained with a paraffin condenser and given in 
the third column of Table II. Curve i represents the theoretical 
curve, which would have been obtained if the law of variation of the 
voltmeter readings with the resistance had been the same through¬ 
out as it was at low readings. On account of the damping effect due 
to dielectric viscosity in the condenser, a deviation from the above 
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inontiuned h}'pcrb(iHe relation was, of courso, expected, bnt it 
was ipiite a pleasant surprise t«» liinl a perfec't regularity of these 
deviatiuiis. These curves indicate a rapid increase in the dielec¬ 
tric damping with the v»»ha.!^e, atid also the superiority of mica to 
]iaratUn, especially at hiirher^volt ij^es. They also suj^^est that at 
low voltajj^t?^ and at fre«|uencic.s over a hundred periods per second, 
this ditVerence htdwecii the two sidistanccs is inappreeiuhlc. 
Siiuilarly the thuupin^ elTect of the magnetic viscosity of iron is 
.small at low lua^iuetizatious, such, for instance, as would be pro- 
duml by a ttdephouic cnrrtmt, ami at frequencies which arc well 
within tins ranine of higher telephonic frequencies, say 750 periods 
per second. It Ik well to point out here that eleetrieal resoiianco 



t. 


olliirs a very coiivmiient umthod for studying the viscosity of 
iron and of dlcdectricK. 

Similar curves and siuular rtfstiUs weiMi obtained with higher har- 
nmnicH, This esperiinental t4*st hIiowh, therefore?, that the relative 
valnes of tin? amplitudes of the luirinouics to tiiat of the fundiu 
mental frtjquencicH are not seriously distorted hy the dielectric 
damping of the condonserii, esiiecially when one operates with 
moderate voltages as was the e.ase in the following experiments. 

(/i). tSi fWi*/ of the IlaaoKtitor Ani/crtti/yMA.*-- This tost is 
represented graphically by diagram Fig. 4. Two transformers o 
and i> hatl their secondaries eonnected in series. Tliu primary of 
the air«et>re truttsformer k fttfunal a part of their circuit. The 
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secondary of this transformer was a part of tlie resonat«»r j.\ Tlie 
transforraer c, a Stanley 5 k. w. (eloaod eireuit) wsu? 

fed by the 10 h. i*. alternator mentioned above (lIjO e. i*. s.), the 
transformer D, of induction coil type with a cylindrical core of 
fine iron wire, was fed hy a t n. w alternator with slotted arma¬ 
ture (278 p. p. s.). Both alternators were run Himultaneously at 
t full excitation. First, the primary circuit of tho lar^e alternator 
was broken so that the current in the circuit u n k was duo to the 
action of the small machine alone. The resonator <lctected a 
resonant rise of 240 volts at capacity .407 m. f., and another of 
150 volts at capacity .044 f. These were evidently the funda¬ 
mental and the first odd harmonic. Then the eireuit of the small 
machine was broken and that of the lar^e inac.hine idostsd, so that 
the current in the resonator was due to the acttioii <»f the larjro 
machine alone. The resonator detected a resonant ris (5 of 
volts at capacity 1.78 m. f. This corr(!sp<»nd(;d to th(j fuinlanicn- 
tal frequency (130 p. p. s.) of the lar^e machitjcs. Finally both 
circuits wore closed, so that the current in the re.stmator wa.s due 
to the simultaneous action of the two inachimjs. 7%- m/tm 
rise^ of potentml hij f/t,' rt .woofto* anfl at 

the same oa^nmtm as m pt ifH oifrofnimt outh tht onf. 

This experiment afforded another opportunity of testins; the 
theory which underlies this resonance method of studyifiij the 
wave curves of current and electromotive force. It i.s this: If 
two or more electrotnotive force.s (»f different fn!qtumeie.s are im¬ 
pressed upon the resonator circuit ami their resonant risoH of po¬ 
tential are determined for a rc.si.stan(*e in this circuit, thou 
according, to theory, the ratio of these rises should remain the 
same for all other resistances within the limits within which the 
periodicity of the circuit is jiractically imlepmident of the? ohmic 
resistance. Accordingly, the rosistanct? of the resonator, f., FiV. 

4, was varied gradually from lOO to 2r>l> ohms, ami tho resonant 
rises of potential produced by the fumlamoiital frequeiieicjitif the 
two machines (130 and 278, p. p. s.) were carefully determined 
or each particular resistance. The ratio of thoHc rises rtsmained 
constant to within five per cent., but the deviations were now in 
onedirectionand nowin the other, and they were unrlotihtedly 
due to the variation in tho e.yeitation, and the speeil of the small 
machine, both of which depended on the potential of tho electric 
mams of the Oollege plant, which, of course, could not he kept 
very constant for ^o long an interval of time us is necessary for 
this experiment, which was about 15 minutes. 
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It is intorestiui^ to ohsorvc liorethjit three air-csore transformers 
like K, with tliree resonators likoj--, wlion placed in tlie circuit, a 
i) K, and eacli restnnitor tuned tf> one of the froqnoucies of the 
circuit represent an exact analogy jd‘ Ilehnholtz’s well-knowi> 
arrangement ef aetnuiKtical resonators which he employed in the 
analvsis ol vowel sounds, 1 he v'ariety ot exceedingly instructive 
experiments which one can perform with such a multiplex reso¬ 
nance circuit is very large and most interesting. It has long 
formed my favorite snhject for an extended series of experiments 
whose rtisidts, however, are beyond the limits of this paper. In 
all experiments of this kind the voltmeter, which is attached to 
each resonator, pm-furms the same otlice as Krmig’a sensitive 
maiuunctrii*. ilatne.s in the well-known experiments on acoustical 
re.sonanct‘, tun), it should he noted here, that they are just as sen¬ 
sitive. In fact, in electrical resonance experiments one is con¬ 
tinually impressed with the striking resemhhuicc between reso¬ 
nance plumomuuu in electricity on one hand, and those in. 
.sound on theotlier. This re.semhlance is a trusty and snggestivcr 


guide. 


{•■). Sifiu/HiifittH‘. /u.Ho//ovov‘.—Now, an acoustical resonator 
tumal to a certain pitch will respond feehly, to lie sure, Imt dis¬ 
tinctly, to a simple sound of a frequency which is an exact snb- 
multiph* <d‘ its (»\vn frci|uency. A siiiilhir jdioiioinenon might 
exist in elcctri(?al re.sonance. though ordinary alternating current 
theory does not lead ns to expect anything of the kind. But 
some experimental results, which will he given hclovv, led me to 
suspect that a sort of sifittpttthrtit' i'mdu’vntu^ might exist, that is to 
say, a Kiniple harmonic cummt might ]iorhap8 ho capahle of pro- 
ilucing hy indnctimi a resonant rise of potential in a resonator, 
whie.h is tuned to a frtnpumcy which is an exact multiple of the 
frerpieiun' of the inducing current. If that wore the case, then a 
resonant, rise of potential in a resonator would not necessarily mean 
that an upper imruionic in the inducing current has been detected, 
and, thei(Tore, the indications of an electric resonator might be 
misleading. To investigate this point the air-core transformer b 
with the rcHonator v\ Fig. 4, was connected to the secondary of 
the 5 K. w. transformer, and tlie current gradually increased by- 
varying gradually an c.lectrolyte resistaiiee. The feeding machine 
was the ubove immtioncd Id ii. r. alternator, with smooth core 
arinature Here I nmst disturb somewhat the logical sequence of 
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this paper by stating that the secondary current, produced by this 
machine and transformer, when flowir.g through a non-self-indnc- 
tive resistance in the external circuit or through a c.il (»f small 
seJf.inductance possessing no iron core, showed imder ordinary 
tests no distortion worth mentioning. But wlien the secondary 
current was increased, and with it the electromotive for(;e induced 
m the l-esonator, the harmonics began to appear more ami more 
distinctly. When the secondary current was 11.5 amperes and 
the electromotive force induced in the resonator was ia3 volts the 
resonant rise of potential was as follows: * 

Por tho harmonic of: 

S timo, r„„„ ^ ir.5 v„1h 

<7 t{ ,, ** to mo “ 

fl «« w . ‘ ;; ;; hu-uMy. 

^ “ »‘*t jHtmtpUhly. 

The resonant rise witli the fmidaiMontal froijuency would hiivo 
been tl,e initial potentialof 133 volts several thousand volts 
0 that the resonant rises obtained for the iippor harmonies were 

thau“s fehTri •“'leliision is, tlmroforo, 
that if such a thing as syinpatlietie resonance really exists, it is si. 

• tSn U •ssoimtor to eseaiKi do- 

1 j ill no way modify the lesiilta 

lewrded m this paper, since these were obtained ihm«t iiivari- 

These prolimimiry oxperi.noutal tests demonstrate elearlv that 

■ l inra/f r“" " T.ite capable 

mg all the frequencies that may exist in an altematin- eiirront 

wave, that its indications are in good sgreeiiient with the thoory 

Z ff»M f""dameiital froqiioney is concerned, and that it mvet 
ns a fairly approximate idea of tlie rolativo stromrtl, ,.f Vi 
monies Additional evidoiiees protiiig Z 

Smenr '' ‘>‘® ^“"“wing ex- 

IV. looxiTOH ov T,„.; OiiioiN of Upraa HAnMoNii... 

A. nxi-nniMBN™ w,™ Ai.-rEaxArea ov sMomm oouk AUKATuam 

perfOTmS^tith^ the^lO m l.^Fon wlmrs-”' 

smooUi core armature, and the Stanley' TZ w TratmLmw 
(closed magnetic oirenit). The secondary oireiiit w«, o,,e„ and I 
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Osmluw voUiutiter tin* secondary voltage. The ciirroiifc 

which Gxcitod the htdtl ol the alternator w'as gradually increased. 
The SLH'ondary voltage measured the strength of this e.xcitatioii. 
The air-core transformer with the resonator w'as inserted into the 
primary eirenit as imlieated in Fig. 1//. The resonant rise of po¬ 
tential, ivcortlutl by the multicellular voltmeter </, was earefnlly 
determimsl at every excitation for the fninlainental frecpiency 
and the tirst odd harmonic*. Higher harmonies wens jH'csentj 
hut very faint, 'rhe ncsnlts are given in Tahlo I\". and plotted 
in Fig. 5. ^’he initial voltage in the resonant circuit was small, 
just pcrccptilde in the mnlHcellular voltmeter. 


TAlihK IV. 
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J’lnc ciirvcH in Fig. 5 were plotted from this table hy taking 
the reuilings of tlm first column for the ahsclssae and the cor¬ 
responding readings of the second and third colunniK for ordi¬ 
nates. Tin* upjK'i* ('urve CfjrrcspondH to the fundamental and the 
lowm* curvti to tln^ harmonic. 77tr’ ttro c///'/v?,v arf two ntruight 
Un<M pttrtdhl id vudh ofhrt\ vvhitdi iiicanK that the fundamental 
and the harmonic iucrettHc at the same rate from muirly one third 
excitation to full ♦excitation of the altcrmitor. This result I did 
not e.xpuct, but i^a corrcctm*ss was veriiicd beyond all reaaon- 
ablo doubt. 

The same series of experiineuts was €*xt«nded to lower ♦^xcita- 
tiona of tin? alternator, but, since I had no low rt«idingalternating 
current voltmeter, the extdtation was measured by measuring the 
exciting field current. This curimit was 10 amperes at full excita¬ 
tion and the series of experiments extended (Jowm to 1,6 amperes, 
hence to nearly onc*.Hevimth of tjic full e.xcitatioij. To bring the 
readings of the resonant rises of potential within the scale of the 
Jinultictilhilar voltmeter at low exeltationH the mmibor of turns in 
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the air-core traiisforiner was suitably iiiert^asod. AVitliin all tlicsc 
. limits of excitation, both the fundamental and the harmonic in¬ 
creased at the same rate and proportionally to the excitation. 
This curious relation I mistrusted at first and snspocted the 
existence of something like sympathetic resonance nientioiuMl 
above. But all experimental evidence is in Favor of its correctness. 



, MTitu Its aii-core transformer, remained in circuit as be- 
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fore. First one series of lamps was placed in circuit. The lise 
due to the fundamental 'was stronger than in the preceding ex¬ 
periments, but that due to the harmonic was exceedingly fainL 
When both series of lamps were thrown in, the harmonic ap¬ 
peared a trifle stonger, but still very weak. Hence tlie inference 
that the harmonic was due almost exclusively to the action of the- 
transformer. 

It should be observed here that the alternator armature,, 
though well laminated, runs fairly hot in a short time, hence it 
must be the seat of a decidedly strong hysteretic process. On the 
other hand, the transformer does not heat nearly as much as the 
alternator armature, and yet its action produces the harmonic. 
This certainly seems to speak strongly against the view that 
harmonics are due to hysteresis. Other evidences against this- 
view will be given below. 

Zd Series .—A series of experiments with open magnetic- 
circuit transformers of induction coil type in place of the 
lamps, showed the harmonic much stronger than the lamps did, 
but weaker than the experiments with the transformer of 
closed magnetic circuit. Althongii I have not succeeded in ob¬ 
taining accurate numerical comparisons between the two types of 
transformers in this respect, one thing is certain, and that is, 
closed magnetic circuit transformers distort under similar condi¬ 
tions the primary current considerably more than transformers 
with open magnetic circuits; on the other hand, in the first case- 
the distortion is confined almost entirely to the primary circuit, 
when the secondary is closed by a non-self-inductive resistance, 
whereas in the second case it is felt in the secondary circuit also,, 
though considerably less than in the primary. 

The general conclusion of this group of experiments may be 
summed up as follows: 

I. A ferric self-inductance in circuit with an alternator which 
gives a simple harmonic electromotive force, distorts the current 
by introducing higher odd harmonics, principally the harmonic- 
of three times the frequency of the fundamental. 

II. This harmonic (and in all probability all other harmonics). 
increase at the same rate as the fundamental when the excitation 
increases, the rate of increase being up to 4000 o. a. s. lines of 
force per sq, cm. proportional to the intensity of magnetic induc¬ 
tion in the core of the fei’ric inductance. 
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nr. When this ferric imliietion is a tmiisfornior then tin* 

tortion appears, but uot seriousl,-. i„ tl,e 1 . 

electromotive force-if thp h-n no i .se<ton(larj 
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ments under group a we mav, therefore, add the following addi¬ 
tional conclusions:— 

Y. An alternator with slotted core armature produces a com¬ 
plex harmonic electromotive force in which the upper harmonic 
of three times the frequency of tlie fundamental is generally by 
far the strongest. 

YI. The amplitudes of the fundamental and the harmonic 
increase at the same rate with the increase of excitation ; this rate 
is proportional to the excitation, that is to say proportional to the 
magnetization of the armature. 

YII. A ferric inductance in circuit with a slotted iron core 
armature introduces no new harmonics. It seems to strengthen 
those already existing in the electromotive force, that is odd har¬ 
monics, especially the first odd harmonic. 

The same conclusions will evidently hold true for alternatoi-s 
of ordinary types, that is alternators whose armature is made up. 
of coils wound on iron cores which are bolted to a cylindrical 
iron drum common to all of them. 

Y. Effect of the Load Upon the Haemonios. 

It is a well-known fact that the distortion of the primary cur¬ 
rent disappears gradually with the increase of the secondary load, 
that is when the external part of the secondary circuit is a non¬ 
self-inductive resistance. The question arises now, what becomes 
of the harmonics which produce the distortion in the primary 
when the secondary current increases ? The following experi¬ 
ments seem to answer this question definitely. 

The arrangement of circuits was that given in Fig, 15. The 
secondary circuit of the large 5 k. w. transformer contained an 
electrolyte resistance and the secondary current was measured 
by means of a Siemens electro-dynamometer. For every particu¬ 
lar value of the secondary current the resotiant rises of potential 
due to the harmonic and the fundamental were carefully deter¬ 
mined by means of the multicellular voltmeter. Table Y. con¬ 
tains the observations relating to the harmonic of three times the 
frequency of the fundamental; Table YI. relates to the funda¬ 
mental (130 p. p. s.). The apparatus employed was’ the large 
alternator and the 5 k. w. transformer. 

Table YI. requires explanation. When the secondary current, 
was over 3.6 amperes the resonant rise of the fundamental was 
too high for the voltmeter employed, and also too risky for the: 
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Sfcontliiiy CtiuTcnl in 
Amperes, 


Kesiiiiani Rise ni the Har- 
moiiir )ti Vi.ltH, 


TAHI/K VI. 


Seamdiiry Current l^e^'uant Rise of the Au.\ilmry KcNistam r 

F,,rta^,V„,„ ““tSr" 


Rewmaiu Rise of tlu* 
I'umlitincitiuJ in VoRs 
tfttkuluted). 


ileiiser. An auxiliary rosbtanco liail to lie introiliieeil in 
■ le resonator to bring the resonant riso down to the limits of t 
VO traeter Ihose auxiliary resistanees am given i„ the tlii 
eolnnm. Tlie readings that would have been obtaine wil^^. 
tl^.®6m,x.liary resistant^ tl.en ealoulated, roughly „« A 
ovs. Aoooriing to tlioory which was verified by expo’riinon 

I ed by the lesistanoo ot the resonator gives a constant nrodii. 

for all resistances as loiiff as the nnrinri pfooiu 

i* 11 • 1 , ^ peiiocl or the rcsonutor !•< nt*n/ 

tieally independent of these msistances. The resistant !,/if 

the rise which would have been obtained ’without***"''r * 
ance in the msonator when the stLnZllf rtr* 
tlien since .with an auxiliary resistance of i 

™.. m 

1 Cl A 4. y’A i*i 


_ 122 X 66 

16 “'" 


603 volts. 


In this manner the figures of the fourth columu were obtain, 
ley aie on y very rough approximations, but still they give 
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very fair idea of the ratio of the fundamental to the upper har¬ 
monic at various loads. Curves i and ii, Fig. 6 were plotted from 
these data. The secondary amperes were taken for the absciss© 
and the corresponding resonant rises in volts for the ordinates. 
-Curve III represents curve ii plotted on a different scale for the 



volts of the resonant rise of potential. These are given in the right 
.hand vertical column of the diagram. This curve gives a better 
picture of the gradual apparent increase of the harmonic. An 
inspection of i and ii shows clearly how inuch more rapidly the 
.fundamental increases than the harmonic. In reality the mcfreaee 
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u even nwre rapid; for aoeonlii.g to Table V it appears as if n,„ 
strength of the harmonic increased with the sceondarv current 
only much less rapidly than the fundamental. Fov inltanee’ at’ 
open SMondary the voltmeter indicated «.') volte for the re.smmnt 
1 se ot the fnndameiital; and at .'id amperes in theaeeondare il • 
nse was indicated by .02 volts. //,,/ i t 

prdcase m voltmeter needle ,rr,d from prartir,, It, , ~ero ,t '' 
to 62 rolmr, roeono.oer ,aim,S T 

e.,.feu,vent from m volte ot „o r.T,ooJTSjt 

'i>>™ reaoimnoe laae remliril, m tliot the. real remnuot ,/■ " 

dn‘a(dieedlt/the mom in hofh COMM. Sindlarlv for all \i ^ 
the secondary. It follows, there re „t f 
increased at all with the incre’ase of th^’llt^ll 


mneh mnaller than appears at Hrat sight from the data of Tai.le 
V. Jim omre ,mportmt eondueioo., l,„,mv,r ,ahie fM 
fro7n ths experiment, mid whieh / mdi to judit / 

torhon Of tlm prromvy e,orre„t ,ah,,. Ho:,A „fiZf tS 

jdM,/ leutdm Inj thefundmm,drd hoSTlT,r'T' 

their orujw. mn he trmmol to the oetioo 

ar„um,-e. In all mere ieir drJ,o to tSft S'""'J 
mmn intensity o/ moryndhottoo of 'the 'JufSf -‘‘T 
Mthey ome theh' oriyin ao.l npi o.,thTfZ 
Another somewhat more diffieiilt ^Il^ , ' • * 

of proving the peraistenee of the harmmd,. '™ 

in hig. 7. In oircnit witli the primary of the T 
and transformer deseribed ‘ibmm i ^ ^ ^ nmchme 

fonnera, a S and 7^ Sf “‘"-T 

one of the two can be made a nart f " 

f. A number of condensed i I «, i/, 

primary circuit as indicated IV tw ''“'’ “'■® '««■"»» 

and dh',wm be eoSnt 1* “« J, 
gives the same indications no matv ''oltmeter, e, 

formers be connected to the resonator 'a'his h,T j 
HaWng been obtained, the Wance will Im disS^rS’t 



1894.] 


PUPIN ON BE80NANOE ANALYSTS. 


545 


the condenser, D, is plugged in, and it will he disturbed in agreat 
variety of ways, according to the capacity plugged in. But when 
the transformer, b, is of closed magnetic circuit type, then the 
resonator indications remain practically the same as long as the 
resonator is switched on the air-core transformer a' no matter 
what capacity is plugged in the condenser, n. When the 
resonator is switched on the air-core transformer, a h, then its 
indications will be different for every particular capacity in n. 



In fact the circuit a, a, 5, n, a, can be treated as an entirely sepa¬ 
rate circuit from the circuit a, ct', 5', b, a. 

This, stateinent needs practically no modification in order to* 
cover that case also in which the self-inductance of the prim¬ 
ary of B is diminished by putting a non-self-inductive load on the 
secondary. This utter disagreement between theory and experi¬ 
ment deserves a closer discussion, but since its connection wilh 
the subject of this paper is only an indirect one I prefer to 
reserve it for some other time. That which has a direct bearing 
upon the present discussion is the method which the above men¬ 
tioned relation offers for observing the variation of the harmonics 
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with the load, without the disturbing inductive effect of the large 
primary current. It is this; Connect the air-core transformer 
a I (and with it the resonator,) in series with the condenser. Add 
to this series an auxiliary coil e (no iron core). By the combination, 
thus obtained, bridge the primary circuit, so that in place of the 
simple condenser bridge d given in Fig. 7 there will be a bridge 
consisting of condenser n, the air-core transformer a I and the 
auxiliary coil c. The office of the auxiliary coil will be explained 
presently. The secondary o being open, tune the circuit consisting 
of the alternator armature, the primary conductors up to the 
bridge, and the bridge, to any one of the harmonics. The tuning 
is done by means of varying the capacity of the condenser and the 
self-inductance of the auxiliary coil. Then close the secondary 
circuit by means of an electrolyte resistance and vary the second¬ 
ary cuiTent. It will be found that the harmonic diminishes only 
slightly with the increase of the secondary load. As an example 
I give the following; The circuit just mentioned was tuned to 
the harmonic of five times the frequency of the fundamental, that 
IS 650 p. p. s. At no load the resonator indicated a rise of 108 
volts, at full load the rise was 9i volts. But this drop, small as 
it was, might have been caused by armature reaction. 

Whatever the idtimate meaning of the appearance and the ner- 
astauce of the odd harmonics in an alternating current wave may 
te, I am not qnite prepared to state with any high degree of con- 
hdence. Om thy w certain, and that U that they ao'e vrescnt at 

arenyth. Their preeenoe U 
hi when c<mr 

dj^famrmy rynmm vnth amy one of them arise they will 

If I self-rndnction of the alternator on the one hand 

Awordlne to“th!T“ o*er! 

j 

equivalents thatis clZr “^fS^etic circuits and their 

magnetic l4fe.ge,’especial^hei^^So^1?ff 

vnsonance sritl. the fundamental frequency, 




1894.] PUPIIf ON BESQNANOB ANALYSIS. 547 

low; aucli magnetic circuits possess much less magnetic slnggisb- 
ness and can influence considerably the conditions of raaonance 
with a low frequency. 

YI,-DiSTOETION op the SeOONDAEY OuEEBlTT. 

It was pointed out that the superposition of harmonics upon 
the fundamental wave was conflned to the primary circuit when 
the secondary is closed by a non-self-inductive resistance, that is, 
if the transformer is of closed magnetic circuit type. With an 
open magnetic circuit transformer, the deviation of the primary 
current wave from the simple harmonic fonn, due to action of 
the generator or the transformer or both, is felt more or less in 
the secondary current also. If, however, the secondaiy is closed 
by a ferric self-inductance, then odd harmonies will appear in 
this circuit also in both types of transformers. In fact, the 
secondary circuit should now, as far as the harmonics are con¬ 
cerned, be considered as a separate circuit, in which the second¬ 
ary coil of the transformer and the ferric inductance in the 
secondary circuit play the same part as the armature of the alter¬ 
nator and the transformer play in the primary circuit. 

The series of experiments which related to the origin and 
growth of harmonics in the secondary circuit was exactly the 
same as the one described above, by means of which the so-called 
distortion of the primary current was studied. The results 
were the same. The presence of harmonics is due to the action 
of the ferric inductance ; their strength increases proportionally 
to the intensity of magnetization of the iron in the ferric induc¬ 
tance. They seem to be entirely independent of hysteresis, that 
is, if by hysteresis the process be understood by means of which 
most of the heat is generated in a very finely laminated, well in¬ 
sulated and well annealed iron core, when such a core is sub¬ 
jected to rapid reversals of magnetism. I shall describe briefly 
an experiment bearing upon this point. The secondary circuit 
of the five k. w. transformer was closed by an electrolyte resist¬ 
ance, and a short cylindrical coil having about 120 tunis coarse 
copper wire. A short cylindrical core made up of very fine 
(No. 26 B. and S.), and well annealed iron wire could be inserted 
into this coil. The core was 40 cm. high and 5 cm. in diameter. 
The wires were fairly well insulated from each other. A layer of 
fine copper wire surrounding this coil formed part of the reson¬ 
ator circuit. First, the secondary current was passed through 
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the coil before the iron core was inserted. The resonator conld 
detect no harmonic worth mentioning even when the current 
was increased almost to full load. But as soon as the iron core 
was introduced the odd harmonics appeared, especially the third 
harmonic; its strength increased proportionally to the current. 
Placing now another similar iron core on the top of the first, and 
adjusting it in such a way that it allowed a small rocking motion 
the two cores could be set into violent vibration by the induc- 
tire action of the current which gave a very loud note corres¬ 
ponding in pitch to the frequency of the alternator. The 
vibration could be stopped by pressing the top core against the 
lower core and against the table. The vibration produced no ap¬ 
preciable difference in the strength of the harmonic; if anything 
it seemed to make it stronger. This experiment seems to me to 
render the theory, which ascribes the origin of harmonics to the 
hysteretic action of iron, completely untenable. 

I do not think that the proper time has arrived yet for the for¬ 
mulation of a physical theory which will give a complete account 
of the peculiar behavior of iron, by means of which it superposes 
odd harmonics upon the wave of a simple harmonic current. 
The view which irresistibly suggests itself to my mind is simply 
this: Upper harmonies will be generated whenever more or less 
abrupt changes of the magnetic state in any part of the magnetic 
field through which an alternating current flows occur. A slotted 
core armature or an armature made up of coils with iron cores 
distributed over a drum common to all of them, will introduce 
such abrupt changes. An alternating current motor, especially 
when It IS not of a smooth core armature type, will also cause 
abrupt changes of magnetism and hence cause strong deviations 
of the feeding current from the simple harmonic form. But if 
this TOW be correct, then every complete cycle of magnetizatioii 
to which iron is subjected when under the indnotive Sition of a 
simple h^monie current must be aeoompanied by some abrupt 
e^nges m mgnetam and that, too, whether the mean magnetic 
intensity of the cycle be large or smaU. A great many tbinj! „av 
^ sng^Mted which could account for such eyclie abrupt changes^ 
One thing is certain and that is, that hysteresis as 
understood, will not account for them; for these peculiar abrapt 

A and are the cause of harmonic 

are not affected by mechanical vibrations by which as « wnii 
known, all hysteretic efiects are Muenced^'til^ 
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‘iohtttt‘Vt‘1' the rut! tJn ni'ij ((nili rhihuj fhetir ■uj>jh‘r harmonics may 
be^ the bare j'ttef, a'bi<‘b the ttajeneers hare to J'ace is: There 
is no cure aija tnxt harmoiues ax luny as the circa its contain irmi. 
J/etice coiixt/'a<‘f t/oar frnex m xach a way that eanititionsfevror- 
iny reso/aua'c irlth the fee,jamey of the fantlamcntal or with 
one. of its ,nlif ajtper harnoanex aafl stif/om occitr, anil trheneoer 
they do occur the resonant rise of potential should- not Iw cajui- 
produceny any dainaye. Amid slotteil ar/natarcs and 
annatures u'lth projecttny pole.-pu ces a-nil heej) the natynctisatinn 
down as much asjmssible. 


VII. Fl.lMTrATIUNS (»K TIIK IwOTAIlV KiKI.D. 

(jlosiiijif tliis papor I will dtwerihe brielly the Jipplica- 
tiun of tlu; rosonaiKto mothotl of nnaljsis to the istu<iy of the in¬ 
tensity lluetiiati<ins of a rotary inajLifnetie lield. The investiga¬ 
tion \va.s carried out hy two students of tins Kleetrieal Dopurtinciit 
of (lolumlua (hdlege, at my suggestifJii, and will be publislied in 
the near future. 'Plie me.tiiod, bri<dly stated, is this ; A suita¬ 
ble number of turns of wire are subjected to the induction of a 
rotary magnoti<i liel<l. Tbese turns form part (tf a risonator. 
Whatever lluctuations tben; la* in iiiteusity of the rotary lield 
they will be periodic, their pm’iod bearing a perbastly detinite 
ratio to the periodicity of the c.urnuit which ]U’oduce8 the rotary 
lield. For it»stance, in a three-phase combinatiorj t>f alternating 
<;urr(mt;s, the intensity of the rotary field will, according to 
th(‘ory, show six maxima and six minima during each comploto 
revolution, the maxima dilfering from the inininui by about 
14 per cent. A circuit, Hubjected to the inductive action of 
such a llehl shonhl have a pcrimlic electromotive forrn) induced 
in it whose freqmtnc.y will be either three or six times the fre- 
«pieucy of the fundamental, according to the shape <»f the curve of 
fluctuations. •Similarly in ar«»tary magnetic field prodiujod by a 
tWiojvhuHe c.omhination e»f alternating currents. If sucdi tdec- 
tromotivtj foixtcs were indmted the, resonator would <letect them, 
and from the resonant rise of potential the extent of the fluctua¬ 
tions producing these electromotive forces could he estimated. 

No electromotive forces of this typo were detected in either a 
tri-phase or a two-phase eomhinatlon. Hence the inference: 
Rotary maynctic fields prmlaced by reasonably well constructed 
m a chines are not accompanied Inj fuctaatlons in their intensity. 

in conclusion 1 wish to thank my friend. Professor II. A. 
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Stom of the Tlniversity of Vermont, wlio during his whole stay 
at my laboratory this year was always anxious to aid me in my 
work in a most ready and disinterested way. His most ef&cient 
assistance was of the greatest value to me. 
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DistnissioN. 


PuoK. Anthony: .On ufcount of the latene.ss of the hour, I 

will routine myself to just one point, Hlthone;h I wnml<l like very 
imieli to luive sometliinj;’ to .say about, thi.s nio.st heiuitiful niet.hotl, 
and these r(‘sults that Or. I’lipin has hronght fortli. I w'aiit to 
say one word id»out tlie rotary held. I never could see any rea¬ 
son whv the rotary held .should he ili.storted or irrej»;ular. It seems 
to me that all the.se .statements that tlu;re was an irreicnlarity in the 
rotary held were ha.sed nj>on the idea that the two (|uarter'plia.se 
vilu’ations wen* eomp«tuuded in a straight line, just as thotin;h we 
had !i vibrat ion folluwiuf^ aloiii^there, and anotlier followiniL!^ aloii^ 
in the .“amt? way. lint here we have two vihratitms at right 
angles to each other. Here is a vihration in the Imrizontal plane 
aiul another in the vertical j)laiie, and e.xactly as in the two tun¬ 
ing forks we ought to get a p(a‘fe<!t circle, not a complicated vihra- 
ti«»n, but tin* compuuiul vibration ought t;(» contimially change its 
angle and remain constant. 

Tun PuHsiDK.vri-Of course- the nuMidau's are aware of the 
fact that the TiCiVNsAcrioNs are oium to them for the [mhlication 
of any proptu' criticism to h(< naulc^ of any of the |)apers. 

Mu. STi-a.NMKTX ;.I was very mu<*h intere.sted in Prof. Pujjin’s 

valuable paper on thei'O higher harinonics. I hiving had 
some oircasion tt* investigat** tlu'.se higher harnaaiics I may (juote 
some of my e\*|«‘rienc(\ f think llu! causi^ <d' this iliserepancy 
between the dilh'reid kinds (d‘ higher harmonics, those pro<luce<l 
by the generator and those pr<tduce<l by the tran.sformer, is the 
fact that the ones are higher harnnadcs of the electromotivo 
force, thi^ other.H higher harmoidcs of the current. Thus the 
higher harinoniiw of the generatin' wavi? are higher harmonics of 
the, ehs'troinotive force;, ami follow the law's of electromotivo 
forces, w'hile the others do not follow the.si; law-s, not being 
electromotive forc«;s. This expluin.s (pdte a number and tn'obahly 
mo.Ht of tin? (lill’erences between the one and the other. 


The wave of the alternating curreid. generator may be nearly 
a sine wavi;, may be dislorted from sine shape due to tin; slnipo 
of the magnetic ticld in the alternator and so on. This distorted 
wave of eh‘ctromotive force I'an he dis.solved into a fundamental 


sine wave and a number <d' higher hunnonics of frmpiencics, 
triple, qtdntuple, and so on. Thi;.se dilTereid. components will 
fidlow the wune law. Wi; have in the cinniit, resistance, induct¬ 
ance and cH|»a<dty, and according to tla? conditions of the circuit 
these various liarmoidcs will la? alfected* 

Take a tjoii-iudu(?tive t?ircuit; the«;urrent wall las proporthnuil 
to the K. M. F. and in the W'avc. of the current all the various 


harinonics of the e. m. e. will show up in the same proportion. 
The harmonics of the generator are transformed liy the tmiis- 
foriner, who-se magnet,i.sin depends upon the impressed k. m. e., 
and closely follows its varuitions. Thus these liigher harmonicH 
of K. .M. »•’,* reappear in the secondary. 
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lake tJie ca.se ot an indnetive resistance, that is of an in/i, 
tion motor or some apparatus like this ; In an inducHvJ . 
ance a current will iSow wliich is less than correspond 
true ohmic resistance, due to the counter v xr n . ir - i ^ 

The mchmeo of self-indnetion, 

te-iucney, eonsoqneuflj tUi-ee times .is 1,,’,.,;. for the trie!.!" 
five times .18 hmm foi- the (iiiiiitiiplo Iiimuonie TIhir 1 e 
of current produced hy the multiple harmm.ii* nf + 
no longer shows these Imdier harmonics in fl.n ^ ^ g«“emtor 

It sho^ws the,,, i,. .V .iecaCi"z:::e:. j,i t..:r crT- 

effect of self-induction. Thus if von Icivt. .. 

secondary of the transformer, tlie inotoi- (‘irciiit will Tu)t"sh^l^^ 
the harmomc any more, or at least nnt 
the generator on'a non-inductive re.si.stance.' 

Jt IS dmeront with a condenser in the circuit Tn « « i 
tlie current is proportional to the T m " nd th 
conseipiently it would he higher for these hiXI ^^^n«e«ey; 

h, other Vonie iritl, ,i e.,r..le™oH! 'Xe eS .S T . 

wl.oae K. M. V. wave coi.toiiis l,i.d.or har,.„..,/,.t ll * ^““ooitor, 
wll show these l.anooriiea ,ieP,^^at,, ito,r^ 
circuit tl,oy will he luoro oi 1 ^ s ., ! ’ 7- !, ""'"ctive 
and ,Mtt8 n'uaffeeted in a noudnduetite d,T ,it" T''®’ 

cm, f;et,dl kin<lH of |.hen.,.ne,.,i,^ ,mii ^ 
tion of non-inductive resistance iiwliww... ^ to the idative proper- 
yon always got the saiiie 

epon theUe ci,m.iiril tl.e'fmrre, f m 'I'“««»S 

mdepndently sn,.ori„.p„se.l npo,, eae|, oJ.he;:'‘t,:'\,!::t.E 

hi|e“ llamoSS «f ''“nnonics, tlie 

If on a transformer, a sine w*ive tit* n ai • 

.insrs S:tvT;t,r";;i7F 

Sine wave, the eiicfont /..it. r... * i • k. ,m. v. is a 

mmi he distorted due to the ^e(Tn t wive, but tlie current 
the lack )iy«teresis, that is. dne to 

this distortiml oi tl.e onrmnt wav^ i.'iS'ti,r ra-mlim/’“ y 

wilr^:nrx“f,Lite3'^'“ i *'■“ 

the lael? of pr^orSiiTt'ewSrti'jr 

magnetiBrn. Tims in an ;Lri». <>i m. m. f., and 

MlnelanTO is nearly all aii? von flillf y®'"**'”™?’',, where tlie 

“.e“li%her h“mon“Z'’ *''“ wS 

tmnsformer (oti.er things bei«rr,«a“ a„;'‘thi.sTe 
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harmonics will more and more di.sa|)])ear in their relation 
to the fnndamental hy an increase in the fnndamental due to 
open magnetic circuit, or due to the in<!rea.«o of load on the 
secondary. Such cases are slmwn in my paper on “ Ilystoresis, 
Part III.,’'' which I propose to rtsad presently, ’lihni will’ see that 
this harmonic is merely ]>rodnced by the ne('essit.y of the current 
to maintain a sine wave of magnetis!n ; this is a secondary phe¬ 
nomenon, and has no “ stahility,” that is, no existence imle- 
pendent of the conditions producing it. 

It is obvious that these latter higher harmonics can not he 
brought to resonance, like tlie higher harmoni<?s of tlie generator 
E. M. F., since they are no is. .m. i-'.’s at all, and only is. .\r. k.\s (;an 
be brought to resonance. 

If the generator does not give a sine wave, Imt a wave which 
contains higher harmonics, and if it feeils a transfornuu*, whhth, 
due to the discrepancy between niagneti/ing current and mag¬ 
netism, gives higher harmonics also, yon get a circuit (jontainiiig 
higher harmonics of is. m. f., and higher harmonics f»f current, 
which according to the circmnstanccs may either aid or o]>])ose 
each other. 

The ex]K?riment sliowing that the hysteresis <loes not ean.se 
any distortion in the alternator urniatnre jiroves nothing, because 
it is (piite possible that tlmre is no hysttu'esis in the armature of 
the generator. There is a wasti* of energy by inolecniar mag¬ 
netic friction ; Imt moh'cniar niagncti(‘ friction is Nof. identhiul 
with hyshuvsis as I have shown in my'secomi paper on hys¬ 
teresis.* Magnetic hysteresis is the <li.sj»roportionality between 
magnctoniotivo fonu; ami magnetism, as the name signifies, ami 
this disproportioiiality is jiroduced if upon the altt-rruiting mag¬ 
netic circuit no external energy is expended, sinei! miergy is 
consumed in the circuit hy tlie moleenlar nmgnetie friction, 
which energy iiiust he sujiplied from somewhere, and in tlie 
absence of any other sonr(;e of energy is snpjilied by the iiiag- 
uetomdtive force in tin; form of magnetic, hysteresis! But this 
energy may be supplied hy mechanical energy, and this is the 
casein the smooth core nuic-hine, and thus we .may not find any 
hysteresis, any disproportionality between magnetic field strength 
and magnetomotive force. 

In a transformer, the iron core is indeed set in vibration by 
the alternating magnetism, but this vibration cannot supply the 
energy consumed by molecular friction, and tlins cun not climi- 


tlie loss of energy in inecbaniiad vibration, thus intensifying the 
higher harmonics, since now energy is expended not only hy 
molecular magnetic friction, but also by mechanical vibration. 


1. TBANaACTioNs, vol. ix, pp. 712-710. 
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Proof of this increase of hysteresis by iiiechanieal vibration due 
to the alternation of the magnetism I have also shown in niy 
second paper on hysteresis.^ 

"With regard to the ratio of the amplitude of the higher har¬ 
monics to flie fundamental, I have in the paper wliicl) I propose 
to read, a number of such higher liarmonics, construed from 
theoretical reasons, from the cycle of hyaterefiis, but I do not 
find a strict proportionality. It is pr023ortional witliin a very 
limited range only, and I believe the exact pro])ortionality which 
Prof. Pupin found, is due to this very limited range of magnetiza¬ 
tion used in his experiments. So far as I undei-staml, lie used 
densities up to ^ = 4,000 only. But the proportion changes 
very much when you go higher. I had a chance t<i go very high 
—to go to > 20,000. But I found that at tliese densities, the 
higher harmonics are so enormous, that occasionally they obscure 
the fundamental altogether. You get this effect, if you bike a 
transformer built for 126 cycles and 60 volts, and run this tmns- 
former at 26 cycles and 100 volts, whereby the efliective mag¬ 
netization will go up beyond B = 26,000.* Then the excitim^ 
current gets enormous and gets utterly distorted, and you can 
just detect that there is a fundamental left, but tlie most of tlie 
cm*rent is higher harmonics. 

With regard to this much discussed phcnonionon of resonance, 
let us see what it really means, and wlietlior it is a separate 
phenomenon at all, or merely a special cjiso of a well-known 
phenomenon. 

You know that if you insert in an alternating circuit a self- 
induction, the self-induction will consume an is. m. f. lagging 
behind the impressed e. w. f. by 90‘=>, or a quarter jieriod. Tlie 
resistance will consume an e. m. p. in opposition to tlie impressed 
E. M. F. ; and a condenser inserted in the circuit will take a cur¬ 
rent leading 90°. 

How consider what takes jilace if you liavc a circuit closed l>y 
a condenser, that is a circuit whose current leads tlie e. m. f. bv 
90° or a quarter period, and have in series with that condenser, 
self-induction. 

By self-induction, a counter e. m. f. is induced which lags 90° 
behind the current. But the current is 90° ahead of the im¬ 
pressed E. M. F. Thus, the counter e. m. f. of self-induction is in 
phase with,the impressed b. m. f. and adds itself thereto, lloiure, 
the effective e. m. f. is increased by the self-induction being 
brought into phase with the impressed e. m. f., and if this 
increase is excessive, we call it “ resonance,” but it is nothing 
ciitterent from the action of the choking coil, which produces a 
counter k m. f., 90° behind the current and tliereliy, according 
to the phase relation between current and impressed e. m. f., 
either reduces the e. m. f., if the current is lagging, or increases 
the E. M. F. if the current is leading. 

1. Teansaotions, vol. uc,p. 715. 
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Tims, if you take Ji coiKleiiser witli an impressed k. m. p. of 
say 100 volts, and sujipose the condenser takes 10 amperes. 
Now insert a self-induction which with to amperes current will 
produce a counter k. m. k. of 100 volts ; this counter k m. p. of 
100 volts is now due to tlie lead of the current, in phase with 
the im])ressed 10<» volts, adds itself thereto and thus gives 200 
volts at the condenser terminals, with lot) volts imjwessed at the 
generator. These 2(»0 volts will double the current and you get 
20 amperes through. These 20 ampeu-es will induce a counter 
E M. F. of self-induction (*f 200 volts, 'rium yon get loo volts 
at the condenser tei’ininals. That means 40 amperes and 400 
volts at the self-induction. So you se(5 that the self-imluction in 
series will raise tins condenser e. m. f. iiitinitely, that is, until the 
inercase of current causes the resistance to c.onsuine the total 


impressed k. m. f. 

Yon see it is nothing hut our well-known old friend self- 
induction intnxlucing an e. m. f. lagging 00^* hehind the current 
and thereby affecting the impresscMl k. m. f. according to the 
phase relation of the current. 

Mu. KENNKnuYWhile this])aper a]>pears to give us valual>lc 
information concerning an im[)ortant method of analysis of alter¬ 
nating electromotive forces and (iurronts, it also generally attacks 
Fleming’s theory of distortion of the current wave in alterna¬ 
ting current circuits, and I l)eg to suinnit that in spite of all tliut 
has been said in this ])aper, and without impugning in any way 
any of the ohservations recorded tlmre, the evidence is not in any 
way conclusive that the existing tlujory is wnmg. 1 do not nicjui 
to say that the existing theory is rigfjt, l)ucause I liopo it is not. 
I hope it is so far incomplete that there is much more to learn. 
But it is one thing to say a theory is right, and another to sJiy it 
is wrong, and 1 <lo not think that the evidence here is at all con¬ 
clusive tliat the theory is wrong, partly for rea.sons lirought up 
by Mr. Steinmetis, aii/l partly for the reason that tlie beautiful 
method employed by T)r. I/’tipinis necessarily and fundamentally 
weak in one Very imporhmt psirticiilar, namely, tliat while it 
brings out the harmome in any periodic (uirrent of electroniotivo 
force, it does not bring out, and cannot bring out, the phase rela¬ 
tions of those harmonics, and that consiscpiently you can have a 
large harmonic in an alternating current electromotive force or 
current strength, and the sliifting of its phase will produce an 
enormous diiferenee in the sliapc of the wave, whenier it is in 
step with the fundamental or whether it is not in stej), and as 
you shift it along, the consequonces which will be produced on the 
shape, and pn the results of that shape, may be so great as to totally 
defeat the conclusions that you would base on your observations. 

Du. Pupin:— 1 think that I have distinctly referred to an ex¬ 
periment which mot the objection of Mr. Kcnnelly, and that is 
that the phase relations hail nothing to do with the amplitude of 
the harmonics, as determined in my investigations. No more 
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than it makes .any ditfereuce in the analysis of aconstie vibmtions 
by means of Helraholte’s resonators, whetlicj* the phase rela¬ 
tions between the various harmonic com|)onents of a (lomplex 
sound be this or that. As mentioiiod in my paper, we really care 
very little for the exact shape of the alternatinji^ current wave. 
Wliat we want is the'relative value of the amplitude of the har¬ 
monics, and we do not even care whether these harmonics be in 
phase with the fundamental or not, provided that pliase directions 
will not affect our results, and experiment has shown that they 
do not. ^ 

I have not attacked Prof. Fleming’s theoiy of the |?enei*ation 
of harmonics by hysteresis. I brought facts whicli seem to me 
to be difficult to reconcile witli the hysteresis theory of harmonics. 
In fact, I do not really see on what foundation rests Prof.* 
Fleming’s theory of the generation of harmonics liy hysteresis! 
JNfor do I see that there is a sufficiently strong foundation for 
any other theory. Every in vestigator. of course, lias some tempo¬ 
rary physical theory of the phenomena which he investigates* 
but he generally keeps it to liirnself as a suggestive guide. If he 
chooses to offer it to others it is always w*itli a view of iiidiicing 
them to test its validity. Such a theory seoiiis to me to be Prof 
Fleming’s theory of the, hysteretic distortion of alternating cur! 
rents, and I fail to see any objection to a reasonable criticism of 
ff. Mr. Kennelly’s remarks led me to think that in his opinion 
Prof. Fleming’s theory is lieyond criticism, or that, at any rate 
my criticism of it is not a reasorialile one. J do not think that Mr! 
Kennelly’s discussion of my paper can justify any one of tlieso two 
views on his part, 

_Mr. bteinmetz states that my experimentH with vilirating and 
othm'wise mechanically disturbed cores, seem only to throw*some 
doubt on the hysteresis theory, but that in reality they do not 
affect it m the least. Hysteresis is affected by mechanical vibra- 
taons, according to experiments of Prof. Ewing an<l Prof. Ryan, 
Hence if hysteretieal processes are affected liy meehaniciil vibra¬ 
tions and harmonics are due to a hysteretic action, then there 
ought to be some connection between tliern. That is, the luu*- 
monics being generated ought to be diminished or affected in 
some wy by mechaincal vilirations ; but they are not. To iret 
out of wy of this difficulty, Mr. Hteinmete simply states that 
It IS not that hystereps which is affected by mechanical vibrations 
that causes a distortion of an alternating current wave, but an 
entirely different kind of hysteresis, namely molcaular frwtion! 

1 3 Ingenious way of arguing! But making new liypotlieses 
in order to get out of the way of. old difficulties seems to me to 
help matters very little. I prefer to face the difficulties and try 

evidences rather than by 
slaltul manipulation of neat hypotheses. 

^ understand the rest of Mr. 

• feteinmetz discussion. It seemed to me that what he wished to 
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say,was to explain things that I thought, were perfectly plain to 
everybody. We all know that self-induction will offer a larger 
impedance to higher than to lower hannonics There is nothing 
new in that. So far as his explanation of electrical resonance is 
concerned, it may be very good according to his own taste. It 
certainly does not suit mine. I do not think that anybody has 
looked upon electrical resonance as something which is outside 
the well-known laws and well-known phenomena. Electrical 
resonance is an ordinary every day affair. At any rate I always 
tried to represent it as such, and I am sorry that Mr. Steinmetz 
has not succeeded in catching my meaning. I am quite sure that 
I wrote a very ]3opular paper on the subject over a year ago, and 
am rather surprised to find Mr, Steinmetz so anxious about the 
possibility of having people look upon electrical resonance as 
something mysterious. 

Mr. Steinmetz : — I think Mr. Kennelly is perfectly right, be¬ 
cause what interests us is, how high will the e. m. p. go, and so it 
is of importance to know whether the different component waves 
will reach their maximum at the same time, or whether they 
will overlap each other, so that when one is high, the other is 
low, and that the sum total will not be increased or will even be 
reduced. 

Dr. Pdpin I beg your pardon, I wish to correct your state¬ 
ment right here. If we have a certain number of frequencies, 
and the line is in resonance with one of them, it cannot at the 
same time be in resonance with another. It is only in that ease 
that we could have an overlapping of these different amplitudes. 

Mr. Steinmetz :—^I do not think you understood me. If you 
have a fundamental of say 10,000 volts, and superimpose a triple 
harmonic of 10,000 volts, you will either get 20,000 volts, or you 
may get almost nothing if thej^ go against each other I mean 
the overlapping of the one hi^er harmonic, which is in reso¬ 
nance, with the fundamental, which is already quite high. 

With regard to the difference between molecular fnction and 
hysteresis, and the proof that these are entirely different phe¬ 
nomena^ which have directly nothing to do with each other, I 
may refer to my second paper on hysteresis, where I think I 
brought conclusive proof of my statement, and to my present 
paper, where I fully discuss the matter. 

The President :—If there is no other discussion we will pro¬ 
ceed to the next paper. I wish, however, to give Mr. Binney 
the fioor. I believe he has a resolution to offer. 

Mr. Harom) Binney Mr. Chairman, this is the resolution 
proposed: 

“ jSesohed, that a special committee be appointed to prepare 
“ appropriate letters of thanks.” 

[The resolution vas ad^ted, and the President appointed Mr. 
Harold Binney, Dr. M. I. Pupin and Dr. Louis Duncan, members 
of the Committee.] 
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The Peesident:—a committee waa appointed to consider 

^Tvir Gr, for a report. ’ 

Me. Hammee: — Copies of the report whicli were sent hv tliA 

fI Association havtt 

of thA Pn^ -1 all received them. In behalf 

of the Committee I present the following report: 

« Phiiadblphta, Pa., May 18, 1894. 

Mr. 1 RESIDENT AND GbNTLEMEN :_ 

Yoar Comimttee to whom was referred the question of the advisability of 
n orsiDg the Standard Rules lor Electric Construction and Operation of ^be 
S -Association, beg to report that the scope and character 

possibility of the Committee’s giving the matter 
sufficient attention in the limited time at their disposal, and at this time recom- 
mend such action on the part of the Institute. 

We however wish to express our hearty appreciation of the importance and 
alue of such work as that carried out -by the National Electric Light Associa- 
tion and the advisability of seeuiing the adoption of one code of Rules which 
shall be acceptable to all electrical insurance and other interests. 

Approved, 

(Signed) William J. Hammer, Chairman. 

N. W. Perry. 

A. E. Kbnnelly. 

Chas. P. Steinmetz. 

that “'J I think this is all 

that the National Eleotne Light Association desired or expected 

aa an expression from tbe Institute, and that in all probability 

somriSnt“2tion'report is tened by the IssociatioJ 
some joint action will be secured bj the co-operation of the 

instance or underwriters’ interests and the Ameeioan Intitute 

OP Eijotrioal Enqinrees, in order to secure this much to be 

acSptebl^generally 

[On motion the report was accepted.] 
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SOME FACTS ABOUT POLYPHASE MOTOBS. 


BY LOUIS BELL, PH. D. 


In connection with the long distance transmission of power, 
most engineers will, I think, agree with me in the position that 
alternating current motors of some kind, and of alternating cur¬ 
rents preferably the polyphase varieity, are almost a necessity. 
We have been forced to their use by the exigencies of long dis¬ 
tance service, which compel either the total abandonment of 
continuous current or its use under very embarrassing conditions. 

There has, however, been a tendency to look upon the poly¬ 
phase motor as a somewhat undesirable resort to which we have 
been driven by long distance work. Such indeed was iny own 
belief from a jprwri reasoning, and before I had obtained that 
practical knowledge of the subject which can only come from 
personal experience both with the design and application of any 
class of apparatus. By such experience, and by the commercial 
demands which have been coming in with steadily increasing 
frequency, I have been forced into taking the position that the 
polyphase motor is intrinsically preferable to the continuous cur¬ 
rent motor for a vast majority of all the uses to which such 
machinery may be applied. 

At present, appearances indicate that not only will the poly¬ 
phase motor displace direct current apparatus for most long dis¬ 
tance transmission plants, but will prove a formidable competitor 
in all applications of motors to industrial purposes, and this, al¬ 
though the polyphase apparatus is the growth of only a few 
years, while the direct current motor is the outcome of more than 
a decade of experience. 

We may then, in instituting a comparison between polyphase 
and direct current motors, consider the various properties which 
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a good motor of any kind must necessarily have. Mechanically 
speaking, we would all agree tliat.it should be simple in construc¬ 
tion, strong, not liable to frequent or considerable repairs, con¬ 
venient in form and not excessive in weight. As regards its 
properties, it should in general run cool, stand overloading with¬ 
out serious danger, run at a nearly constant speed, or he capable 
of considerable variation in speed if necessary. It should be 
capable for certain uses of sudden and violent exertion, and of 
easily changing its direction of rotation. In a purely electrical 
way, it should be simple, efiicient both at high and low loads, and 
should not take excessive amounts of current cither in startint«- or 
in running. 

This represents a difficult list of conditions to fulfil with any 
one motor, but I believe they can be met better by polyphase 
than by direct current macliines. A direct current motor, for 
instance, of a given construction and reasonable weight, cannot 
both run at a constant speed independent of load in a particular 
case, and at the same time be capable of running at a wide variety 
of other speeds. It usually will not stand considerable overloads 
without sparking, and at the same time give a fair efliciency at 
low loads ; and so one iniglit go on piling up difficulties. Tlie 
polyphase motor, too, cannot meet all these conditions with equal 
success, but examining them one by one, you will find that on 
the whole we can obtain very excellent results. 

Taking up seriatim tlie desirable lu-operties wliich I have 
enumerated, and applying them to polyphase motors, we find as 
regards the first count, that their construction is singularly free 
from complexity.^ They consist in general of two concentric 
masses of lamination forming respectively the field magnet and 
armature. The armature is assembled on its shaft much as in 
direct current machinery, while the field laminations are held 
together by a clamping spidei- of very simple construction. The 
bearings are supported either on end spiders fitted to the field 
spiders by lathe work only, or on pillow blocks of the ordinary 
kind. Commutator and commutator connections there are none, 
nor should there be collecting rings except in rare instances! 
The armature need be exposed only to low voltages, and should 
preferably be wound with a comparatively small number of rather 
massive conductors, united at the ends either by a single plate or 
by very simple connectors, tlie latter form being preferable. The 
field winding is usually in a greater number of coils than is a 
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direct current field winding, but each coil has a comparativelj 
small number of convolutions, making the total winding by no¬ 
means complicated. 

In lieu of the starting rheostat of the direct current motor, we 
have a starting resistance which should preferably be placed 
within the armature, and consists of a few zig-zags of metal 
united at one end, and connected at the other to three or more 
contact pieces. A solid collar short-circuiting these contJicts and 
a forked lever to move the collar completes the eqiiipnieiit, as I 
am accustomed to employ it. Its most noticeable feature is that 
the revolving armature, the most troublesome and delicate part 
of a direct current machine, is free from conifdication, and that 
it is almost as solid as if it M^ore a solid mass of metal, and scarcely 
more liable to injury. 

The very obvious simplicity of construction and mechanical 
strength, is strong evidence of unusual freedom from repairs, and 
as a result of experience I have found that the induction motor 
is singularly free from liability to accidents of every kind. I 
have never succeeded oven by the severest kind of c.x])crlmental 
work in burning out a field coil or doing any serious injury what¬ 
ever to a motor, although I have kept some of them on static 
torque tests in rapid succession for hours at a time and have held 
them at rest and poured current through them until the leads 
burned off, the motor still remaining undamaged. If there is a 
test of extraordinary severity that I have not applied to induction 
motors, I have yet to learn of it. Tliese properties are invaluable 
in commercial work imismuch as they practically retnove the 
danger of crippling the motor oven under exceptionally unfavor¬ 
able conditions. 

As regards the convenience of the form of polyphase inductiot> 
motors, I think an inspection of any of the types which have- 
been brought out will render argument unnecessary. 

The magnetic necessities of the case have led all makers of 
such apparatus in this country and elsewhere, to adopt a species; 
of barrel shape as the general outline of the tnotor, modified only 
in the proportions of diameter to length, and in the adoption of 
one form or another of bearing. The tendency of this constnic- 
tion is to bring the center of gravity of the machine very low,, 
thus ensuring unusual stability and freedom from general vibra¬ 
tion. Tliis form, too, enables one to place the motor in almost 
any position which is convenient in applying it, upside down, as 
a side bracket, and the like. 



562 BELL ON POLYPHASE MOTORS. [May 18 

The largest installation of induction motors in the world just 
put in operation in Oolumbia, S. C., aggregating over 1300 h. p., 
is composed of inverted motors with their bases bolted to the 
ceiling timbers of the rooms. 

As regards weight, the abolition of any sparking limit to the 
output, and the excellent magnetic materials used, might natur¬ 
ally be supposed to lead to motors of unusually liglit weight, and 
such is in fact the case. Sixty to seventy pounds per horse¬ 
power in motora of moderate size is a figure easily reached with¬ 
out any sacrifice of efficiency, and if occasion requires, these limits 
can be passed with great facility, 25 to 30 pounds of material per 
house-power being quite attainable in large units while still re¬ 
taining satisfactory general properties. I must say however, 
that for most uses I do not consider extreme lightness eitlier 
necessary or desirable, although it is impoitant to be able to se¬ 
cure it if necessary. So much for the mechanictil character of 
induction motors. 

Electrically speaking, the ciise is just as favorable. Unless 
forced to a very large output per pound of weight, an induction 
motor will inin quite cool, at a heating limit in fact below that of 
most direct current machines of similar weight and output. This 
advantage is mainly due to the very substantial character of 
winding which can be conveniently employed, and to the fact 
that the winding is distributed so that the losses in the copper are 
not localized, while the laminated character of the structure facil¬ 
itates thorough ventilation. This freedom from excessive heating 
indicates that the polyphase motor can stand considerable over¬ 
loading without any serious results, and experience has shown this 
to be the case. The worst that can really happen is that the 
motor may fall out of synchronism when the load is sufficiently 
great, thereby blowing the fuses in the line. 

As sparking is obviated in this type of machine it can readily 
be rated at such output as will give a proper limit of heating, and 
this output will in most cases allow from 30 to 60 per cent, of 
overloading before the machine will drop out of step. A wider 
range than this can be obtained if desirable, which it is generally 
not. 

The limit of possible overloading fixes in .a general way the 
possible static torque that can be obtained from a given machine, 
and this is apparently purely a matter of convenience in design, 
anything that can reasonably be required being quite attainable. 
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There is no special difficnlt,y in arrtin^ring- polyphase inotom for a 
starting torque four or live times the running torque, althou«-h 
this would be unneeessiirj except for severe hoisting and tram¬ 
way work. At running torque the starting (mrrent'tukcu may 
readily be no greater than the running current. l^’roHi this it 
will readily be seen that a properly idanned polyplia.se motor is 
capable of very great and violent e.xertions in a ciuse of necessity 
It will even endure complete reversal under full load within 10 
or 15 seconds on motors of oialinary sizes, this time beimr snffif.. 
ient for the machine to puss from full load in one direction to 
full load and speed in the other direction. This reversal is as’ is 
well known, accomplished simply by reversing any two of the 
primary wires, the effect being to rotate the field in" the opposite 
direction fiom the armature, thus causing an onormous rate of 
cutting lines of force and con8e(piently immcn.se (dfort cansimr 
the motor to stop and reverse. 

Smoici) VAm.vri<)N in Polyimiask Motoiw. 

This subject has been lor the mo.st jiart in a rather hazy eomli- 
tion up to the present time, 'fhe induction motor has been 
generally known as mm-.syuchroiious, and such indeed it is 
The iiamo, liow„vo,-, I»,s |,o„„ fre,,„«ntly „««] i„ „f H.J 

fact ant ail induction motor always tends towards synchronolis 
running. 

Under ordinary conditions the poIyi)I,n.se imluction motor can 
be made to run at nearly constant speed independent of load re- 
sembhngm this respect a well-designed .shunt motor. A variation 
from no load to full load of live to si.^ per cent, in sliced would 
represent ordinary good practice, either in a shunt motor or a 
polypliaee one, this limit being exceeded only iu small motors or 
types winch may be regarded as special. It is by no means diffi¬ 
cult, however, so to design a polyphase motor tliat the speed shall 
posse^ very remarkable uniformity. This condition has been 
valuable m the Columbia plant previously alluded to. In this 
case, tests of 17 motors showed a maximum variation in speed 
from an output of 75 n. p. to friction load of the motor, of otly 
^.3 per cent, individual motors showing slighter variations down 

The task of these pai'ticnlar motore ie ririviiiir a cotton mill 
hence the ueoeseity for iiniforiii speed. ..\iid this iinifonnity in’ 
speed le not greatly affected by variations in voitiMje, whiel, 
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would be quite sufficient to cause considerable speed variation 
in a shunt wound motor, in fact the induction motor is remark¬ 
ably insensitive to moderate variations in voltage, unless it is 
heavily loaded. 

This uniformity in speed has frequently been urged as an 
objection to the induction motor, barring its employment in 
cases wliere speed variation is necessary. This point is not well 
taken. 

The induction motor can not be made successfully to run at 
reduced speed by varying the primary voltage. Under Uiese 



circumstances the output of the machine falls off somewhat more 
rapidly than the square of the voltage, so that only trifling speed 
variations are possible. It is a fact, not generally known, however, 
that the speed of a polyphase motor can be varied with the same 
facility and within the same wide range as is possible in the case 
of a series wound continuous current machine, such as a railway 
motor. This is accomplished in the induction motor by a rheo¬ 
stat in the secondary circuit, just as it is accomplished in the 
series motor by a rheostat in the main circuit. Thus equipped 
the two machines behave almost exactly alike. The speed at con- 
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stant torque can be rni'le to vary from full speed dowu t 
no speed, thus simulatiiii? the action of the series motor • 
closest possible fashion. At any given speed an increase 1 
crease of the torque will decrc»ise or increase the speed 
tially alike in both chLs.ses of motors. In both too tlie 
is initially similar and falls oil in practically the same ratr^^T 
non-inductive rosistamjc is nw^cssary in case of the' p ^ 
motor, an inductive one throwing the armature current so 
out of phase as to interfere with the proper action of the itiot 

Fig. 1, gives an excellent idea of the behavior cf a polvpW 
motor with resistance in the secondary circuit. ^ 

Curve A shows the speed and oiitpu’t of a certain motor under 
these circumstances. It was ji fonr-()ole machine operated at 50 
cycles per secoml ami the initial sjaeed was reduced to 1400 bv 
the resistance of tlui hauls reaching across the room to the rheo 
stat composed of loops of manganin strip which could be system' 
atically varied. It will be .semi that the word curve is almost a 
misnomer, the ratio ladw(‘eu the speed am] output at constant 
torque being almost a linear fnmdion, even when the speed fell 
to as low as 150 revolutimis per minute. It was not cai-ried 
lower tliaii this only hetuiuse of luck of udaptahility in the rheo¬ 
stat. No series inoior <'.oald show a more satisfactory result 
^ Oiirve H shows the power factor umler tlieso varying condi¬ 
tions. It is high at all loads and spi^eds, varying slightly with a 
maximum at ahout half sjieed. 

Curve 0 shows the variation in <mrrent. This, as can be seen 
is almost constant, falling oil’ slightly at the lower* speeds, the 
voltage lieing nnifonn througlmnt the test. 


KSpoed variation hy this method is not as oflicient as might be 
wished, hut still compurtis favorably with that obtained in a series 
motor with rheostatic control. Some rnodifiod methods of con¬ 
trol promising a somewhat better elliciency have been suggested, 
but it seoms probable tliat in the net result we shall find that 
continuous current and polyphase motors are about on a par in 
this respect. It should lie note-d that in continnous current 


motors, s])eed variation hy weakening tlie lield is only practicable 
within a very limited range, ami reipiires an abnoimally heavy 
motor. I think that with a similar consitlerable change in design, 
the polyphase motor could be made to operate nearly as well by 
change in its hold strength. An ehicfieiit speed variation through 
a very wide range is attainable in either class of machine only by 




566 


BELL ON POLYVIIA&E MOTORS, 


[May 18, 


extraordinary ineane, as an elaborate conibinatioii of dii'ect cur¬ 
rent machines, or frequency clianging devices in the polyplmse 
machines. From wliat lias been said it will be apparent that the 
polyphase motor is perfectly capable of a complete control of 
speed on the same terms generally obtained with continuous cur¬ 
rent motors. 

Comparison of a Polywiase and Continuous Motor. 

Fig. 2, gives a striking comparison between the properties of 
the two classes of machines under consideration. 



The polyphase motor selected for comparison is of two ir. p. out¬ 
put representing the avemge small motor to be found in central 
station pmctice. This particular size weighs 218 lbs. complete, 
and runs at a speed of about 1400 revolutions per minute on 50 
cycles loaded. It is relatively neither better nor worse than 
polyphase motors of otlier sizes, as may be seen by reference to* 
the curves in my previous paper on this general topic. The 
power factor in this case rises quite sharply, reaching 86 per cent. 
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at half load, and thnmgli most (jf the working range of the motor 
remains at or iit^ar 00 per cent., nearly 01 per cent, as a maxiimini. 
The efficiency has it^ maximum a little under full load of the 
motor and reaches nearly 77 per cent., being 75 per cent, at full 
load. Both power factor and efficiency hold high values from 
half load up, and do not fall olf seriously until some disbuice be¬ 
low half load. 

Contrast with curves xi and n belonging to the polyphase 
motor, curves c and n; the former is the efficiency curve of a 
two H. 1 *. «>00*volt motor of one of the well kimwii iVmericaii 
makes, and curve n is a similar curve for a two ii. i*. 110-volt motor 
of European manufacture. These are not selected curves‘but 
were the two completest available. Both these cmwes, a and i>. 



o abo 4oo"~ ado' «bb' i'6do“ “labla'^uob''' 

Outoiit in Wattn Full load 

Fw. }3. 


show remarkable similarity. Keitber of the motors sparked 
seriously at full load, the load limit being set rather by the heat¬ 
ing. Both curves rise slowly and attain tlieir maxim’mn valnea 
at some ])oint beyond the available load of tlie machine. At 
full load the efficiency is substantially the «ime as that of the 
triphase motor. At low loads it is noticeably worse, I thitik o 
and n are fair average machines. In tests of a wide variety of 
motois, some higher and lower efficiencies would be found. Buch 
too would be the case iu testing a variety of polyphase motors. 
In fact the mate of the triphase motor sliown, sent through the 
factory at the same tinie, showed about per cent, higher 
efficiency, but a complete test w'as not attainable as the macliiiio 
had to be immediately shipped. A comparison of these cnrvt^ 
will render it evident, that it is cpiito practicable to produce a 
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polyphase motor liaving an efficioncy fully equal to that of direct 
current motors of similar size, and I think the tendency will he 
towards better efficiency at moderate loads. It should be men¬ 
tioned here that the two horse-power triphase motor was made 
of ordinary good armature iron, not selected, or specially treated 
in any way. 

Finally let me call sharp attention to cui-ve 3, which shows 
the effect of the power factor, which 1 regret to say has been 
talked about not wisely, but too Avell, in most of the discussions 
pei-taining to polyphase apparatus. Two curves in Fig. 3, show 
the total current in the line in the two n. i*. triphase motoraiid the 
110-volt continuous current motor above mentioned. The cur¬ 
rent curve of the continuous current machine is nearly a stmight 
line, that of the polyphase machine is almost tangent to it and 
slightly concave upwards. A noticeable fact displayed is, that 
throughout the ordimiry working range of these two inotoi4 the 
currents were subsbmtially ecpial, the existence of the power 
factor in the polyphase motor l>eing only noticcjible at very low 
loads atid at overloads. This com])ariHon should lie a sufficient 
answer to the charges of excessive current that liave so often 
been made against the i)olyi)ha8o machines. In a had polyphase 
motor they would have foundation in fact. In a rather good 
one the net effect of the lagging current is trifling. It should 
further be noted that the current in this trii)hase motor at fric¬ 
tion load is only about 30 per cent, of the current at full load, 
and of this small amount only 30 per cent, represents loss of 
energy. This is in marked contrast with the results obtained 
from a foreign tripliase motor of similar size exhibited at the 
World 8 hair, in which the no load current was nearly equal to 
that at full load, and the power factor at full load was barely 50 
per cent. 

In this biief discussion of some of the properties of modern 
polyphase motors, I have endeavored to show how nearly they 
fulfil tlie conditions which may lie regarded as dosimble in elec¬ 
tric motors in general. That they do so as well, if not bettor, 
than the coiitiniious current machines of similar capacity, I be¬ 
lieve that I have satisfactorily shown. 

The demand which certainly is arising for polyphase motors 
for general power purposes based on their intrinsic merits, in¬ 
dicates that the older type of machinery has found a dangerous 
rival, all questions of long distance transmission aside. 
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DjscmjssioN. 

Mk. Carl IIeuino: —Dr. l^ell apeak.^i <»t’ “ poly])haBe ** motors. 
“Poly” is from the Greek, meaiiijig “many,”'but I pre.siinic 
from one of the remarks in the paj>er tliat tiieso were all three- 
phase motors. As the terms “two phase” ami “ three-ph.'ise” 
are in use and are very definite, anil as tliei*e ai-e sneh things as 
motors in which more than three phases are n.se<], I would sug¬ 
gest that it is preferable to use the self e.xplaining term “three- 
phase ” for the values referred to in the paper, especially as there 
is then no doubt that they are not “ two-phase.” If polypluise 
can be used to refer to three phases it certainly could be used 
equally well for two j)haseH, mitwithstanding .sii<;h sayings as 
“ two are company and three are a crowil.” 

Mr. STioiNMK'rz: —I think I can answer this question. These 
motors referred to were tlii*ee-phu.se motors, but practically iden¬ 
tical theoretical considerations a|)ply to <piarti?r-phase motoj-s as 
well as any other polypluuse motors, 

I may add with regard to the induction motor referred to by 
Dr. J3ell that if it interests the members, they can find the s|iee'd 
and torque characteristic of the motor in tlie discussi(jn of tlie 
last pa])er of Dr, Dell on “Practical Pro|)erties of Polyphase 
Apparatus,” read at the SJtrd meeting of the Institutk, January 
17th, 1894. 

The .President;—I f there is no further discussion I will call 


for the next paper, “The Law <»f Hysteresis (Part 111.) and the 
Calculation of Ferric Indiudancits,” by Mi*. Steinmot/.. 



A ^aper presented at the Eleventh General Meeting 
of the American Institute 0/ Electrised Engin¬ 
eers,, Philadelphia, May iSth, iSt)4, President 
Houston in the Choir, 


OW THE LAW OP HYSTERESIS (Pabt III.), 

THB) 

THEORY OF FERRIC IKDUCTANOES. 

BY 0HAELE8 PBOTETO STBIITMETZ. 

Chapter I.— Cobppioibnt oe Molboular Maghetio Friction. 

In two former papers, of Jamiary 19 and September 27, 1892, 
I have shown that the loss of energy by magnetic hysteresis, due 
to molecular friction, can, with sufficient exactness, be expressed 
by the empirical formula^— 

H — 

where .&■= loss of energy per cm*, and per cycle, in ergs, 

JB = amplitude of magnetic variation, 

= coefficient of molecular friction, 
the loss of energy by eddy currents can be expressed by 

where h = loss of energy per cm*, and per cycle,^in ergs, 

. ® = coefficient of eddy currents. 

Since lien it has been shown by Mr. R. Amo, of Turin, that 
the loss of energy by statie dielectric hysteresis, is., the loss of 
ene^ m a dielectric in an eleotawitatio field ean be expressed 
by the same formula: 

where H = loss of energy per cycle, 

F — electro-static field intensity or intensity of dielectric 
stress in the material, 

^ = coefficient of dielectric hysteresis. 

Here the «ponent K was found approxiinately to = L6 at 
the low electro.statio field intensitlee used. ' 

At the frequencies and eIectro.static field strengths met in 
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condensers used in alternate current circuits, I found the loss of 
energy by dielectric hysteresis proportioinil to the square of the 
field strength. 



Fw. 1. 


Other observations made afterwards agreed with this result. 
With regard t-o magnetic hysteresis, essentially now discoveries 
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M -ponent 

, V f"'™"”’liyeteresis has found its 
apptotion, and so far as it is not obscured by the superposition 
Of^eddyeurrents has been fully confirmed by pra^S'c^^'e^peX 

trlismission The ’ «“"ent generator for power 

and^^el- ^ u"® “ J’’®**®'’ 1»8S abLssse 

!!, t a\ “ ordinates. The observed values a^e 

rSbr*"’ P®-- “ ^>7 

m^Lrevlrth^ ^ “P^^^tors like the present 

m^Mne: ®^ ‘''® *®*®' 1®“ ®”®W in the 

hv^s'^Te'^h*" ''“1“®® of *0 coefiicient of 

thfi^; ®'’®®''™“®“® “P f® *1^® «n>e of my last paper cover 

X 10® = 



““ ”®" ’*®''® I*®®” investigated in the mean 

obse^^ Xe obeefsteel, the range of 

to state me tT . ^ ^®®” greatly extended, and, I am glad 

7 X W - to Xn f X’’ F*P®'’ *® ™’®® ®f '’y®*®resis 
the heat m.f'°’ X from Ewing’s tests, was unequaled, and 
the^b«t^matend I could secure, a very soft Korway imn, gave 

■ better than T? ** J" .’i®tf® fro‘inently values considerably 
teter^n Emn^s soft iron wire are found, as the follovring 

table shows, winch gives the lowest and the highest values of 

®Heet^steel,ird^^ 
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The values are taken at random from the factory records of 
the General Electric Company. 

Value.s of 7) X 10“ 


IjDWt'Sl,. 

lliglios 

i.ai 

r».3o 

1.33 

.5.15 

1.35 

.5.13 

1..5H 

4.78 

1.59 

4.77 

1..59 

4.73 

1.3(5 

4.5H 

l.(!(5 

4.55 

1.(58 

4.37 

1.70 


1.71 


1.7(5 


l.HO 


1.S3 


l.HH 


1.90 

1 ll*{ 


1.94 


1.94 



As seen, all the value-s of tlie lir.st column refer to iron 
superior in its (quality even to the sample of Ewiiifj; y; X lo“ 2.0, 
unequal ed he fore. 

The lowest value is yy X lO” “ 1.24, that is, IhS per cent, bettor 
than Ewing’s iron. A sample of this iron 1 have here. As you 
see, it is very soft material. Its (‘heniicul analysis does not show 
anything special. The chcmi{’ul constitution of the next lajst 
sample rj X 10* = 1.533 is almost exa<d.ly the, same as the con¬ 
stitution of samples X Id” — 4.77 ami yy X 10“ — 53.22, show¬ 
ing quite conelusivtdy that the chemical constitution lias no 
direct inUnence upon the hysteretic loss. 

In consequence of this extension of towards lower values, 
the total range of rj yet known in iron ami steel is from 
7) X 10’ = 1.24 in be.st sheet iron to 7j X 10’ r:; 74.8 in gluss- 
liard steel, and 7^ x 10® tr;; 81.8 in manganese stetd, giving a 
ratio of 1 to 00. 

With regard to the exponent nc in 

n == 9 li^, 

wliich I found to ho approximately sa 1.0 over the whole range 
of magnetization, Ewing has investigated its variation, and 
found that it varies somewhat at different magfietizations, and 
that its variation corresponds to the shape of tlm magnetization 
curve, showing its three stages.’ 

1. J. A. Ewing, RhiUmqMcM TranmicMom of Ous Rtmd ihtkfy, rjoiidnti. 
Juno 15,1893. 
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^ Tests of the variation of tlie hysteretic Joss per cycle as func¬ 
tion of the teinperatnre have been published by Dr W Knnz’ 
for temperatures from 20° and 800^" Cent. They show that with 
rising temperature, the hysteretic loss decreatJes very .rreatly 
and this decrease consists of two parts, one part, whicir disap¬ 
pears again with the decrease of temperature and is directly pro¬ 
portional to the increase of temperature, thus making the hyster¬ 
etic loss a linear function of the temperature, and anotlier part 
which has becorne permanent, and seems to be due to a perma¬ 
nent change of the molecular structure prodinted by heating. 
This latter part is in soft iron, proportional to the temperature 
also, but irregular in steel. 

CriAPTKB II.—Moleoular Friction and Magnetic Hysteresis. 

In an alternating magnetic circuit in iron and other magnetic 
material, energy is converted into heat by molecular magnetic 
friction. Ihe area of the hysteretic. Joo]), with the m. m. e. as 
abscissae and the magnetipsation as oi-dinates, represents the 

energy expended by the m, m. e. during the cyclic change of 
magnetization. *' . 

If energy is neither consumed nor a[)pJied outside of the 
magnetic circuit by any other source, the area of the hysteretic 
loop, 'i,. <?., the energy consumed by hysteresis, measures and 
represents tlie energy wasted by molecular magnetic friction. 

In general, however, the energy expended^ by the m. m. f.— 
the area of the hysteretic loop—needs not to be equal to the 
molecular friction. In the armature of the dynamo machine it 
probably is not, but, while the hysteretic loop more or less col¬ 
lapses under the influence of mechaniiial vibration, the loss of 
energy by molecular friction remains the same, hence is no 
lonpr measured by the area of the hysteretic loop. 

Ihus a sharp distinction is to be drawn lietweeii the phenome¬ 
non of magnetic hysteresis, which represents tlie expenditure of 
energy by the m. m. f., and the molecular friction. 

In stationary alternating current apparatus, as ferric induc¬ 
tances, hysteretic loss and molecular magnetic friction are 
generally identical. 

In rsTOlving machinery, the discrepancy between moleenlai- 
fnetion and magnetic hysteresis may become very large and tire 
magnetic loop may eve n te overtnrned and represent, not oxnen. 

1. EtektroteoUniacihe ZdtaehHft, April 5th, 1894. ' 
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ditiire, but production of electj'ical energy from inecbanienl 
energy ; or inversely, tlie magnetic loop may represent not only 
tbe electrical energy converted iiito heat by molecular friction, 
but also electrical eneigy converted into mechanical motion. 

Two such cases are shown in Figs. 2 and Jl and in Figs. 4 and 
5. Ill these cases the magnetic reluctance and tlms tlie induc¬ 
tance of the circuit was variable. Tliat is, the magnetic circuit 
was opened ami closed by the revolution of a shuttle-shaped 
armature. 

The curve ,v represents the inductaiu'cs of the’imigncti(? (dreuit 



Sh'tuiUit iR K 


Fro. 




as function of the position. The curve lo ™ counter k. m. k. or, 
since the internal resistance is negligible, the impressed e . m . v. 
and curve m = magnetism. If the imprcHsed k. m. f., k is a 
sine wave, the current a assumes a distorted wave shape, and 
the product of current and e . m. f., W 0 /i'represents the 
energy. As seen, in tin's case the total energy is not equal to 
zero, the e . m. f . or self-induction e not wattles.s as usually 
supposed, but represents jiroduction of electrical energy in the 
first, consumption in the second ease. Thus, if tlie apparatus is 
driven by exterior power, it assumes the phase relation shown in 
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Fig. 2, and yields electrical energy as a self-exciting alternate- 
current generator; if now the driving power is withdrawn it 
drops into the phase relation shown in Fig. 4, and then continues 
to revolve and to yield' mechanical energy as a synchronous 
motor. 

The magnetic cycles or H-B curves, or rather for convenience, 
the C-M curves, are shown in Figs. 3 and 5. 

As seen in Fig. 5, the magnetic loop is greatly increased in 
area and represents not ohly the energy consumed by molecular' 
magnetic friction, but also the energy converted into mechanical 
power, while the loop in Fig. 3 is overturned or negative, thus 
representing the electrical energy produced, minus loss by molec¬ 
ular friction. 
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Fig. 3. 


This IS the same apparatus, of which two hysteretic loops 

were shown m my last paper, an indicator-alternator of the 
“humming bird” type. 

Thus m^netic hysteresis is not identical with molecular mag¬ 
netic friction, but is one of the phenomena caused by it. 

Chapter III. Theory ahd Oaloulatioh of Ferric 

Ihdttotahoes. 

In the discussion of inductive circuits, generally the assump¬ 
tion IS made, that the circuit contains no iron. Such non-fenic 
mductences are, however, of little interest, since inductances are- 
almost always ironclad or ferric inductances. 
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With our present knowledge of the alternating magnetic cir¬ 
cuit, the ferric inductances can now be ti-eated analytically with 
the same exactness and almost the same simplicity as noii-ferric 
inductances. 

Before entering into tlie discussion of ferric inductances, some 
terras will be introduced, which are of great value in simplify¬ 
ing the treatment. 

Eeferring back to the continuous current circuit, it is known 
that, if in a continuous current circuit a miml)er of resistances,, 



'^ 1 , ^ 2 , rs... . are connected in series, their joint resistance, 7?, is; 
the sum of the individual resistances: 


If, howevex’, a number, of resistances, r,, are con¬ 

nected in parallel, or in multiple, their joint resistance. A*, can¬ 
not be expressed in a simple form, but is: 


A = 


^ r ^ 1 4- 

»•' + 5 ^ + 7 , + ■ • ■ 


Hence, in the latter case, it is preferable, instead of the term 
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resistance,” to introduce its reciprocal, or inverse value, tlie 
term “ Gonduetanee ” /> = 1. Then we get: 

«If a number of conductances, Pa. . . are connected 
in parallel, their joined conductance is the sum of the individual 
conductances: 

^ — Pi Pipi‘ ‘ 

When using the term conductance, the joined conductance of 



Fig. 5. 


a number of series connected oondnctonces, ft, becomes 

a complicated expression: 

1 




7 + r+- + ---- 

pi P% pi 


Hence the use of the term “resistance” is preferable in the 
^ of sen® connection, the nse of the reeiprocal term “ con- 
ductance,^ m parallel connection, and we have thus: 

“ The joined remtanoe of a mumber of eeriee eonneoted re- 
te equal to m mm of the indirndual remtancoe, the 
jomed oor,^MOtonoe of a numher f parallel oormeoted oonduot- 
M equal to Ae mm if the imdmidnal eonduotomoee.” 
in alternating current drcnite, in place of the term “resist- 
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aiiee ” we liave the tonu “ expressed in complex 

quantities by tlie symbol : 

fl ~ r j .y, 

with its, two components, tlie “ ” r ami tlio react- 

mce'^' -S', in the formula of Ohm’s Jaw : 

a u.^ 

The resistance, /*, gives the coellicient <if the k. m. k in phase 
with the current, or the energy component of k. ar. k.. Or ; the 
reactance, .s, gives the coetli(fient of the k. m. f. iu quadrature 
with the current, or the wattless component of k. m. f., f/,v, both 
combined give tbe total k. m. f. 

O n — O V'r + •v'*- 

This reactance,, .v, is ])ositive as indu<‘tive rea(dnnce: 


.V = 2 ;r yV X, 

or negative as capacity rcjactum^e : 

.V - - ‘ 

where, 

JV = frequency, 

L = coetKcient of self-induction, in henrys, 

K — capacity, in fa,rads. 

Since e. m. f.’s are combined by adding their complex expres¬ 
sions, wo have : 

“The joined impcilance of a number of series connected im¬ 
pedances, is tlie sum of the individual im|)odancos, when ex¬ 
pressed in complex (|uantitieH.” 

In graphical representation, impiidances have not to be added 
but combined in their proper phase, by the law of jiarallelogmin,^ 
like the k. m. f.’s consumed by them. 

The term “impedamm” becomes inconvenient, however, when 
dealing with parallel connected circuits, or, in other words, wdieii 
several currents are produced by the same k.m. K.,in ctwes whore 
Ohm’s law is expressed in the form : 



It is preferable then, to introduce the reciprocal of “impe- 


l.“Complex Qiuint.it.ieH and tlidi' use in Kleetrieiil E»ginooniic',”ttpnn(3r read 
before Section A of the luturnatiomil Electriciil Oongvam at Chicago, 1808. 
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dance,” which may be called the of the circuit: 



As the reciprocal of the complex quantity 

U — r —j s, 

the admittance is a complex quantity also: 

consisting of tJie component, />, which represcuits the coeflicient 
of current in pl,a.e with the k. m. r, or energy onrrent, p E, in 
the equation of Ohm’s law: f’* j 

and the component, ff, whicli J*epi‘eseiit8 the coeflicient of cui-rent 

in quadrature with the k m. k, or wattless component of current 
(y ^ 

/> may he called the miductmiaer n the of 

the circuit. Hence the conductance, p, is the energy component 
the siisceptance, fr, the wattless component of the admittance ' 

J = f> <T, 

and the numerical value of admittance is : 

'y= 

rile resistance, r, is the energy component, the reactance, .v, the 
wattless component of the impedance 

and the numerical value of impedance is 

u = 

^ As seen, the term “admittance ” means dissolving the current 
into two components, in phase and in quadrature with the e m f 
or the energy current and the wattless current; while the tern 
^ impedance means dissolving the k. m. f. into two components 
in phase a.nd in quadrature with the current, or the^energy 
B. M. F. and the wattless m. m. f. 

It must be nnderetoocl, however, that tlie “ oondnetance ” ie 

n ’r >«istaneo, but dependa upon the reaiet- 

anw M weU as upon the reaetaneo. Only when the reactance 

^ onirent cirouits, is the conductance the 

reciprocal of resistance. 

Again, only in circuits with zero resistance ?• = 0, is the sus- 
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ceptanee the reciprocal of reactance; otherwise the susceptance 
depends upon reactance and upon resistance. 

From the definition of the admittance: 

IT ■=■ p j a 

as the reciprocal of the impedance: 

r/= T — js 

we get 

T = A. 

or 

I • 1 

p -j- ^ cr — -Z_ 

or, multiplying on the right side numerator and denominator bv 
(r «): 

p j a r=. y 4~ 3 _ 


hence, since 


(y —i F+i &)' 


—3 A",/ = <1 ^: 


/>-}-/<>■= _4- j _?_= JL 4 - 4 


<r =;= 


,43 _p';v3 

6‘ _ H 

-j- .s® ~ 


and inversely: 


=. ..(,i _ ~ IL 

p^ -j- ^ 


p* ^ -w*’ 

By these equations, from re-sistance and reactance, the conduct¬ 
ance and susceptance can be calculated, and inversely. 
Multiplying the equations for p and y, we get; 


hence. 


V 


>1^ = ('r* -f »») -f. a^) =: 1, 




ft* 4“ O’ 
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the absolute value of impedance, 

U -f- 6-^ 

the absolute value of admittance. 

The sign of “admittance” is always opposite to that of “im¬ 
pedance,” that means, if the current lags behind the e. m. p., 
the E. M. F. leads the current, and inversely, as obvious. 

Thus we can express Ohm’s law in the two forms: 

JE= OU. 

and have 

“ The joined imjoedance of a numher of series eonnected im¬ 
pedances is equal to the sum of the i/ndi/uidual i/mpedances y th^ 
joined admittance of a nnmler of parallel connected admittances 
is equal to the sum of the indmidual admittances, if expressed 
in complex quantities; in diagrammatic representaticm, com- 
Unation by the parallelogram Ioajo takes the place of addition of 
the complex quantitiesl^ 

The resistance of an electric circuit is determined: 

1. By direct comparison with a kno^n resistance (Wheatstone 
bridge method, etc.). This method gives what may be called the 
tnie ohmic resistance of the circuit. 

2. By the ratio : 

Volts consumed in circuit 
Amperes in circuit 

^ In an alternating current circuit, this method gives not the re¬ 
sistance, but the impedance 

01 the circuit. 

3. By the ratio: 

^ _ Power consumed (b. m. b.)* 

(current)^ jPower consumed’ 

where, howerer, the “power” and the do not in- 

elnde the work done by the eirouit, and the counter s. m. f.’s 
representing it, as for instance, the counter n. m. f. of a motor 
fn altematmg onrrent circuits, this value of resistance is the 
energy coefficient of the e. m, p., and is: 

^ Energy component of e. m. p. 

Total current 
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It is called the ty uivalmt n‘sliitanee'‘'‘ 
energy eoclKeient of current: 


of the circuit, and the 


'I’ot.ul n, M. r. 


is called the “ i‘<ju f tuilcnt (umducUoice ” of the circuit 

In the siinie wiy the value : 

.V =; E. M. F. 

'I’oUil <nimiiut 

is the (ujuivalmt muianoe^'* and 

a ~ ''■‘•'I • (iompoiicnl of current 
'J’otal n. M. F. 

is the “ (‘(pdvalmt mmptmwv, ” of the circuit. 

While the true ohmic resistance represents the expenditure of 
energy as heat, inside of the eka^tric conductor, by a current of 
unifoini density), the e<juiv'aleiii resistance represents the total 
expenditure of energy. 

Since in an alternating current circuit in general, energy is ex¬ 
pended not only in the condiudor, Imt also outside thereof, by 
hysteresis, secondary cuiTeiits, etc., the equivalent resistance fri 
quently dWrers from the true ohmic resistance, in such way as to 
represent a larger expenditure, of cmergy. 

In dealing with, ultenmting current circuits, it is necessary, 
therefore, to sulistitute everywhere the values “ equivalent resist¬ 
ance,” “ equivalent reatdaiice,” “e(|uivaleut conductance,” 
“equivalent suscui>tance,” to make the calculation applicable to 
general alternating current c.irmiits, as ferric inductance, etc. 

While the true ohmic, resistance is a constant of the circuit, 
depending upon the tenipernture only, but not upon the e. m. p.^ 
etc., the “e(juivalent resistunce” and “equivalent reactance” 
is in general not a eonstant, hnt depends upon the s. m. p., cur¬ 
rent, etc. 

This dependence is the cause of most of the difficulties met 
in dealing analytically with alternating current circuits containing 
iron. 

The foremost sourc.es of energy loss in alternating current cir¬ 
cuits, outside of the true ohmic resistance loss, are : 

1. Molecular friction, as: 

(») magnetic hysteresis; 
dielectric hysteresis. 
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2. Primary electric currents, as: 

(a) leakage or escape of cun-eiit tlirongh the insulation, 
brush discharge; * 

{h) eddy-currents in the conductor, or unequal current 
distribution. 

3. Secondary or induced currents, as : 

(a) eddy or Foucault currents in surrounding magnetic 
materials; 

(h) eddy or Foucault currents in surrounding conducting 
materials; 

(o) secondaiy currents of mutual inductance in neighbor¬ 
ing circuits. 

4. Induced electric charges, electro-static influence. 

While all these losses can be included in the terms “equivalent 
resistance,” etc., only the magnetic hysteresis and the eddy-cur¬ 
rents in tlie iron will form the obj'ect’of the iiresent paper. 

I .—MagnetUi IlyisUrcidii. 

To examine this phenomenon, first a circuit of very high in¬ 
ductance, but negligible true ohmic resistance may bo considered 
that is, a circuit entirely surrounded by iron ; hr instance, the 
primary circuit of an alteniating current transformer with open 
secondary circuit. 

The wave of current jiroduces in the iron an alternating mag¬ 
netic flux, which induces in the electric circuit an k. m. f the 
counter e. m. f. of self-induction. If the ohmic resistance is 
negligible, the counter k. m. f. equals the impressed e. m. p., lienee 
if the impressed e. m. f. is a sine-wave, the counter lo. m. f., and 
therefore the magnetism which induces the counter i«. m. f. must 
be sine-waves also. The alternating wave of current is not a 
sine-wave in this ease, but is distorted by hysteresis. It is pos¬ 
sible, however, to plot the current wave in this case from the 
hysteretic cycle of magneti; 5 ation. 

From the number of turns n of the electric circuit, the effective 
counter e. m. f. and the frequency iF of the current, the max¬ 
imum magnetic flux M is found by the formula: 

1/2 10-8; 




jt n N 


hence: 
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flux iLT {111(1 iiuii^'iictjc ci’osK-sGctioii tlic iiifix- 


imurn magnetic iii<luction B 


M 




1 • 


If the magnetic induction varies pei*iodicaIly between -f- .B 
and the m. m. k. varies between the corresponding values 

+ -^^and — F., and descrihes a looped curve, the cycle of hys¬ 
teresis. 

If the ordinates arc* given in lines of magnetic force, the ab- 



seissiB in tons of ampere-turns, the area of the loop equals the 
energy consumed liy liysterosis, in ergs per (!y( 3 le. 

From the hysteretic looji is found the instantaneouH value of 
M. M. F. eorre 8 ])onditig to an instantaneous value of magnetic flax, 
that is of induced k. m. f., jind from the m. m. f,, F ^ in ainjiere- 
turns per unit length of magnetic circuit, the length I of the 
magnetic circuit, and tluj number of turns w of the electric cir¬ 
cuit, are found the instantaneous values of current a correspond¬ 
ing to a M. M.F. F] tluitisa magnetic induction B and thus in¬ 
duced E. M. P. ( 0 , as: 
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In 1% 6 four magnetic cycles are plotted, with the maxinnmi 
values of magnetic inductions: B = 2,000, (1,000, 10,000 aud 
1(3,000, and the corresponding maximum m. m. f.’b: fi'zzz l.s 2.8 
•1.8, 20.0. They show the well-known hysteretic loop, which be¬ 
comes pointed when magnetic saturation is approached. 

Ihese magnetic cycles <torrespond to average good sheet iron 
or sheet steel of hysteretic coeflicient: = .U088, and are given 



Bmatty IMn, Sniir’$, lf.y. 


with ampere-turns per cm. as abscissin, and kilolines of magnetic 
force as ordinates. 

Ill I-0 and 10 the magnetism, or rather the magnetic 
induction, as derived from the induced k. m. f., is assumed as 
sine-cmwc. For the different values of magnetic induction of 
this sine-curve, the corresponding values of m. m. f., hence of 
cuiTent, are taken from Fig. (3, and plotted, giving thus the ex¬ 
citing current required to produce the sine-wave of magnetism; 
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that is, tlie wave of ciimMit, wliidi a sine-wave of impressed 
K. M. F. will send throngli tlie eireiiit. 

iVs seen from I^i^'s. 4 to 10, tliese wavms of alternatiiijij cuiTeiit 
F aie not sine-waves, Init ai‘e distorftvd hy the superj^Misitioii of 
higlier harmonies, that is, ari< eomplex liannonie waves. Tliey 
reacli their maxiimiin value at the same time wdth the maximiii’u 
of magnetism, that is, 00” aluaid of the maximum indneed k.m. k,. 



hence about UO” behind the maximum impressed k. m. k., but 
pass the zero line consideraldj ahead of the zero valuii of mag¬ 
netism: 42, 52, 50 and 41 degrees resfiectively. 

Tlie general character of these current waves is, that the max¬ 
imum point of the wave coincides in time with the maximum 
point of the sine-wave of magnetism, hut the current wave is 
bulged out greatly at the I’ising \ holloweil in at the decreasing 
side. With iiujreasing magnetization, the maximum of the current 
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m 

wave becomes more pointed, as the curve of i'ig. 9, for JB = 10,000 
shows, and at still higher saturation a peak is formed at the max¬ 
imum point, as in the curve of Fig. 10, for B — 16,000. This 
is the case, when the curve of magnetization reaches within tiie 
range of magnetic saturation, since in the proximity of saturation 



the current near the maximam point of magnetization haa to rise 
abnorm^y, to eanee a small increase of magnetization only. 

The distortion of the ware of magnetizing current is so large 
as shown here, only in an iron closed magnetio drouit expending 
energy by hy^resis only, as in the ironclad transformer at open 
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secondary circuit. As soon as the circuit expends energy in any 
other way, as in resistance, or by mutual inductance, or if an air- 
gap is introduced in the magnetic circuit, the distortion of the 
current wave rapidly decreases and practically disappears, and 
the current becomes more sinusoidal. That is, while the distort¬ 
ing component remains the same, the sinusoidal component of 
current^ greatly increases, and obscures the distortion. For in¬ 
stance, in Figs. 11 and 12 two waves are shown, corresponding 
in magnetization to the curve of Fig. 8, as the worst distorted. 
The curve in Fig. 11 is the current wave of a transformer at^g- 
load. At higher load the distortion is still correspondingly less. 
The curve^ of Fig. 12 is the exciting current of a magnetic cir¬ 
cuit, containing an air-gap, whose length equals the length 
of the magnetic circuit. These two curves are drawn in ^ the 
size of the curve in Fig. 8^ As seen, both curves are practically 

The distorted wave of current can be dissolved in two com¬ 
ponents a, true sme-w(we of equal effective intensity cmd equal 
power with the distorted wave, called the equivalent sine-wcme,^^ 
and a wattless high&r hcrnnome, consisting chiefly of a term of 
triple frequency. 

In Figs. 7 to 12 are shown, in drawn lines, the equivalent sine- 
waves, and the wattless complex higher harmonics, which together 
form the distorted current wave. The equivalent sine-wave of 
M. M. F., or of current, in Figs. 7 to 10, leads the magnetism by 
34, 44, 38 and 15.6 degrees respectively. In Figs. 11 and 12 the 
equivalent sine-wave almost coincides with the distorted curve, 
and leads the magnetism by only 9°. * 

It is interesting to note, that even in the greatly distorted 
curves of Figs. 7 to 9 the maximum value of the equivalent 
sine-wave is nearly the same as the maximum value of the original 
distorted wave of m. m. f., as long as magnetic saturation is not 
approached, being 1.8, 2.9 and 4.2 respectively, against 1.8, 2.8 
and 4.3 as maximum values of the distorted curve. Since by the 
definition the effective value of the equivalent sine-wave is the same 
as that of the distorted wave; this means, that the distorted wave 
of exciting current shares with the sine-wave the feature, that 
the maximum value and the effective value have the ratio; vi -r-1. 
Hence, below saturation, the maximum value of the distorted 
curve can be calculated from the effective value—which is given 
by the reading of an electro-dynamometer—by the same ratio as. 
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With a true sine-wave, and the magnetic characteristic can thus 
be determined by means of alternating currents, by the eleetro- 
dynamometer method, with sufficient exactness. 

In Fig. 13 is shown the true magnetic characteristic of a sample 
of average good sheet iron, as found by the method of slow 



reversals by the magnetometer, and for comparison in dotted 
lines the same characteristic, as determined by alternating cur- 
rente, by the electro-dynamometer, with ampere-turns per cm. as 
ordinates, and magnetic inductions as abscissae. 4^s seen, the 
two curves practically coincide up to ^ = 10,000 14,000. 
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For higher saturations, the curves rapidly djverire, an«l the 
electro-dyiiainoiiieter curve .shows comparat'ivoly sinal] m. m p’s 
producing a.i)j)arently very liigh magnetizations.* 

Thu same Fig. 1:1 gives the curve of hysteretic loss, in oi-.^s per 
cni.*‘ and cycle, as ordinates, and magnetics inductions as abw-issje 
Ho far as current strength and energy consuni))tion is concerned’ 
the distorted wave can he rephuanl hy the eciuivalent sine-wave’ 
and the higher harmonicas neglected. ’ 

All the measurements of alternating currents, with tin* only 
exception of instantaneous reading.s,yield the ecjiiivalent sine-wave 
only, but sniipress the higher harmonic, since all measunm^ in¬ 
struments give (Other the nnoin scpiare of the (mrixmt wave or 
the inean product of in.stantaneoUK values of current and k. m’ f. 

which are by detinition the same in the e(|uivalent sine-wave as 
in the distorted wave. 

Hence, in all practi(oil appli<Mition.s, it is i»ermissihle to neglect 
the higher harmonic altogether, and rei>hi<Hi the distorted wave 
byits equivalent sine-wave, keeping in mind, however, theexisteiuH* 
of a higher Iiarmonic us a possible disturbing factor, whicb may 
become noticeabb; in those very infrinpient eases, where the fn*- 

qiioncy of the higher harmoidc is near the frtapiemrv of r(?Honance 
of the circuit. 

The eijuivalent sine-wave of exciting curnmt leads the sine- 
wave of luaguetisin by an angle «, which is called tin; “ of 
hyskretu (uhmneeof Hence the current lags behind tile 

K. M. F. by !)0” ^ and tins powen* is, therefon;: 

P = 0 h (! 0 K (ilO“ — d) =: f/ /J'sin a. 

Thus tliu ou-nr.nt f^unisists of an enei*gy component: 

sm a, which is called the ‘V///.vAvv'/!w and a 

wattless component: f/cos «, which is cnilled* the m a wlPnw 

GXirmntP Ov iiiverscdy, the k. m. f. (.mnsists of an energy coin- 
poTient: A’sin «, the Ay^teretw eneryy v.. .w. f.’\ and a wattless 
coinponent: A^cos «, the ‘‘k. m. f. 

^_Beuotmg the absolute value of the impedance of tJie circuit 

by where u is determined by the magnetic chanuderistic of 

the iron, and tlio shape of the magnetic?, and electric circuit—tbu 
expresfliemrepresented, in jihase and intensity, hy the syinholic 

IT =: T .y Es: % hIi, « 
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and tlie admittance by : 

T = iO + y <r = 1 sill a-]rj i cos a = /? sin a -f j cos a. 

•II u 

The quantities: -?/, r, s and •<>, a are not (ionstants, however, 
in this case, as in the circuit witliout iron, but depend upon the 
intensity of magnetization, J?, tliat is, upon the lo. m. k. 

This dependence complicates the investigation of circuits con¬ 
taining iron. 

In a circuit entirely enclosed hyiiron, a is quite considemble, 
from 30 to 50 degrees for values helow saturation. Hence even 
with negligihle true ohmic resistance no (jrcat Imj mn> he j/ro- 
diiced in inmMad aUertuiUtif/ emreent einudU. 

As I have proved, the loss of energy liy liysteresis due to 
molecular friction is with suflicient exactness proportional to the 
1.0th power of magnetic induction, //. trence, it (tan be ex¬ 
pressed by the formula: 

// = yy‘«, 

where 

IT — loss of energy per cy<tle, in ergs or (o. o. s.) unite 
(= lO'"’ Joules) per cm.*', 

B = maximum magnetic iiiductioii,nn lines of force per cm.",, 
and, 

^ = the “ coefficient of hysteresiH.” 

At the fre<iuency, Jf, in the volume, K, the loss of jiower is- 
by this formula: 

J* = 7j JV V 0~^ watts, 


= ^ jV V watte, 


where B is the criws-sectiou of the total magnetic flux, M. 

The maximum magnetic flux, M, depends upon the counter- 
3i5. M. F. of self-induction, E, by the equation: 

fij — ya TT 7h M 10"“, 
or, 

N 71 

where n = number of turns of the electric circuit. 

Substituting this in the value of the_power, P, and cancelling,, 
we get: 

Fl0®-“ P'® F10“ 

^ — V Jr-e ^ - •>« V J^U 
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1 jsi where a — ^2** ;r^® S^''^ ^ ^i.6 ^ 6> 


or, substituting 


7j = .0033: 
= 191.4: ^ 


or, substituting 

F = /S'Z, where L — length of jnagnetie circuit: 
.X10»-» _ 58yZ10» _ z 

f r\ u iisrYn 1ft rvft xt/x*T Vs. ^ 


2-“ ;r'-« 


/S'-® 


r)> 


p _bSij « Z 10« 191.4 Z*! ® Z 

^.6 ^r.C ^^1.6 — TirlB ,Qr.a ^1,0 


Z*" /S'-" 


As seen, the liysteretic loss is proportional to the 1.6th power 
of the E. M. F., inverse propoiiional to the 1.6th power of the 
number of turns, and inverse proportional to the .6th power of 
frequency, and of erosswsection. 

If f) = equivalent conductance, tlie energy component of cur¬ 
rent is O = Zp, and the energy consumed in conductance p is: 

P = GJ£=E^p. 

Since, however, 


it is: 


n Z^® 
^ « ya’ 




58 ^ Z 10» 
Z* jS-^ n^-» 


191.4 


' iV^-« Z-^ Z* AT*® xS'-® 

That is: 

“ The equivalent GonduGtmme due to magnetio hysteresis, is pro- 
poHiondl to ths Goejffioient of hysteresis, y, mid to the- length of 
the magnetvi oircuit, Z, and inverse proportional to the .Jfh 
power of the e. M. E., E, to the Mh poioer of the frequency, Efy 
and of the Gross-seotion of the mobgmtiG Gireuit, 8, cmd to tJw 
1.6th power of the nuniher of turns, nP 
Hence, the equivalent hysteretic conductance increases with de¬ 
creasing k. M. F., and decreases with increasing e. m. p.; it varies 
however, much slower than the e. m. p., so that, if the liysteretic 
conductance represents only a part of the total energy consump- 
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tion, it can within a limited range of variation, as for instance, 
in constant potential transformers, without serious error be as¬ 
sumed as constant. 

If: 

jP = magnetic reluctance of a circuit, 

F = maximum m. m. f., 

C = eJffeetive current, hence 

c 4/2 = maximum eui'rent, it is the magnetic flux: 

“ p- 


Substituting this in the equation of the counter e. m. f. of 
self-induction: 

E = 4/2 i: N n M. 10 ~“, 
it is: ’ 

JP _^7c F G 10 ~® 

P ’ 

hence, the absolute admittance of the circuit: 

-t, %Tz w N N 

where 


Thus ; 


0 = --- 18 a constant. 

2 TT 


« Tl^ absolute admiUamce, % of a eirouit of negligible resist- 
offioe is j^oportional to the magnetio reluetoAthce^ P, cmd invei'se 
j^oportional to the frequency, N, and to the square of the num¬ 
ber of turns, w.” 

In a circuit containing iron, the reluctance, P, varies with the 
magnetization, that is, with the e. m. p. Hence, the admittance 
of such a circuit is not a constant, but is variable also. 

In an ironclad elecMe circuit, that is, a circuit whose magnetic 
held exists entirely within iron, as the magnetic circuit of a well- 
desi^ed ^teraating current transformer, P, is the reluctance of 
the iron circuit. Hence, if = permeability, 
since. 



S' =X,F=^LE = ,i.M.i!., 
^ ~ xS' P = fi S S =, magnetism. 


and 
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it is: 


P = 

4 TT /JL A'’ 


and, substituting tins value in the 6(ination of the admittanee: 

^ /M O®_ 

^]S JV — ITi'i 

wdiere: 

d = __ 

Thus: 

“ hi (m ironclad cWcuit^ the ahsolidc admiUanco^ 7 J, u iiwerse 
2rro:portioml to the frequencij, S, the pernmdhity, the 
cross-section^ and square of the numher of turns, and 
directlij %mrpovtiimal to the lemjth of the niaqnetic circuit, ZP 
The conductanee is: 




the admittance: 


V) ~ .../.T _ ♦ 

yy /I' 

hence, the angle of hystefetic advance: 

sin a = ^ ; 

r - dZZ^ ’ 

or, substituting for a and d : 

ri.1 a = a ^ «•“ 'S' 

/ jf\i 2« ;r'-« A'-” '//.»•«. L'W~^ 

_ (i rj N'-^ iP ti-* n * 2' " 

lb«^ ; 

or, substituting: 

Z:= N n A^/? 10-": 
sin a .•=: ; 

hence, independent of fre(|uoncy, nnrnl»ei* of turns, shape and 
size of iTiagnetic and electric circuit. 

Thus: 

• In an ironclad mductance^ the angle of hysteretia advance^ 
a, depends upon the magnetic constants: permcabllUy and oo- 
efficient of hysteresis, and tignm the maxinium. magndic indue- 
timi, hut is entirely mdependent of the fmjmmoy’of the shape 
and other conditimis rf the magnetic awl electric circuit, and. 
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therefore^ all the ironclad nunjneHc arcuUH coufttructed of the 
same quality of iron^ and umiy the mote wagntdic density^ y}/oe 
the sa/rne angle of hysteretic adrancei''^ 

“ The angle of liyeteretu* advance, //, in a (iloKcd circuit tmiis- 
former, depends upon the <|iialitv of the iron, arnl the magnetic 
density only.” 

“The sine of the angle of hystm-etic advarme e(pialK four 
times the product of permeability and coeflicient of hyKteresis, 
divided by the .4th power of the magnetic density : 

• 4 n rs „ 

B* 

If the magnetic circuit is not entirely ironclad, but the mag¬ 
netic strnetiire contains air-gajis, the total reluctance is the sum 
of the iron rehictaiice and the air reluctance : 

1> = /*, + 

hence, the admittance is: 

•a = V/)*'* + /t’* = -)- /\), 

or: 

“ In a circuit containing iron, the admittance is the sum of the 
admittance due to the iron jiart of the circuit: 

and the admittance due to the air part of the circuit: 

— ff p 

— IV ^ 

if the iron and the air are in series in the magnetic, circuit.” 

The conductance, //, represents the loss of energy in the iron, 
and, since air has no magnetic hysteresis, is not changed by the 
introduction of an air-gap. 

Hence, the angle of hysteretic, advance of phase is : 

sin a = -fL __ -. d _ _ d _ 

u + tv ““ 

and is a maximum = for the iroiudad circuit, but decreases 

'^1 

with increasing width of the ail‘-gap. The introduction of the 

air-gap of reluctance, decreases sin a in the ratio_ 

jf j -j- 

In the range of practical application, from B =s= 2,000 to 


sin a 
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— 12,000, the permeability of the iron varies between 900 
and 2,000 approximately, while sin a in an ironclad circuit varies 
in this range from .51 to .(19. In air, v/r = 1. 

If, consequently, one per cent, of the length of the iron is re¬ 
placed by an air-gap, the total reluctance varies only in the pro¬ 
portion of 1-J^ to l^jp, or l)y about six per cent.; that is, is 
pi-aetically constant, while the angle of hystereti(i a<lvanee varies 
from sin a — .085 to sin a — .0(54. Thus is already negligil)le 
compared with <r, and a practically e(jual to vj . 

Hence: 

“ In an electric circuit containing iron, Init forming an open 
magiietic circuit whose air-gap is not less than j the length of 
the iron, the susceptanee is practically constant and ecpial to the 
admittance, as long as saturation is not yet approached,and it is: 

^ P h N' 

P P h 

The angle of hysteretic advance is small, below 4“, and the 
hysteretic conductance is 


pz=r. ." „ 

At^ a sine-wave of imiiressed e. m. i.’., the current wave is 
practically a sine-wave.” 

To determine the elec.tric constants of a circuit ctnitainiiig 
, iron, we shall proceed in the following way: 

Let Ti = counter e. m. i<\ of self-induction ; 
tlien from the equation : 

E = TT n E M 10 “*®, 

where: 

P = frequency, 
n = number of turns, 

we get the magnetism, J/, and by means of the magnetic croas- 
section, the maximum magnetic induction; 

8 

From B we get, by means of the magnetic chamfjturistic of 
the iron, the m. m. e., in ampere-turns per cm. length, whore 

E = //, 

4 

H = M. M. F. in (a. o. s.) units. 
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Hence, if 

Z, = length of iron circuit, = L^F— ampere-turns required 
in the iron, 

*10 ~jr 

Za = length of air circuit, -= ampere-turns re¬ 


hence, 


quired in the air. 


F =■ Fi-\- Ft, — total ainpere-tums, maximum value, and 

F 

-—p. = effective value. 

4/2 


The exciting curi’ent is: 


67 = 


n V2 


and the absolute admittance 


-y r= 4/^2 _|_ ^2 _ 

If Fx is not negligible against Zi? this admittance, % is vari¬ 
able with the E. M. F., F. 

If: 

V = volume of iron, 

7) = coefficient of hysteresis, 

the loss of energy by hysteresis due to molecular magnetic fric¬ 
tion is: 

W=r^jSr 

hence the hysteretic conductance: 

- 23’ 

and is valuable with the e. m. f., Zl . 

The angle of hysteretic advance is: 

sin a = P 


the susceptance: 


the equivalent resistance: 


the reactance: 


a = 


r=P-^ 
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As conclusions we derive from this chapter: 

1. In an alternating current circuit surrounded by iron the 
bUrrent prodnoed bj a sine-wave of e. m. f. ie not a trueLe-wave, 
IS distorted by hysteresis. ’ 

is excessive only with a closed magnetic dr- 

indnetonej*™”^ * secondary circuit by mutual 

The distorted wave of current can be replaced by the equiv- 
alent sme-wave, that is, a sine-wave of equal effective inteLitv 
equal power, and the superposed higher harmonic, consisting 

y ‘"P'® eaa he neglected except in 

I esonating circuits. ^ 

4. Below saturation, the distorted curve of current and its 

vaSr'*”* approximately the same maximum 

5. The angle of hysteretic advance, that is, the phase difference 
hetxveen magnetism and equivalent sine-wave of h. m. f., is a 
maximum for the closed magnetic circuit, and depends then onlv 
upon the magnetic constants of the iron: the permeability n and 

eoefflcieut of hysteresis 7 , and upon the maximum msCTetie 
mdiictipn, by the equation: 

sin a = ^ t^‘0 

e. The effect of hysteresis can be represented by an admit¬ 
tance : Y ^ p j O', or an impedance: IT = r _ j s. 

T. The hysteretic admittance, or impedance, varies with the 
magnetic induction, that is, with the e. m. p., etc. 

8 . The hysteretic conductance p is proportional to the coeffici¬ 
ent of hysteresis 17 and to the length of the magnetic circuit L 
iii^rse proportional to the .4th power of the e. m. p., E, to the 
.6tti power of frequency N and of cross-section of the magnetic 
circuit /S^ and to the 1 . 6 th power of the number of turns of the 
electric circuit n, thus expressed by the equation: 

PI L 108 

E^ TPEUP’ . 

9. The absolute value of hysteretic admittance-y = V~p* -f- < 7 * is 
proportional to the magnetic reluctance: P = P, p^ and in- 
perse proportional to the frequency iTand to the square of the 
number of turns n, hence expressed by the equation: 

V = (-Pi H" -Pa) 10^ 

'ii n N ri? ' 
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10. Ill an ii*oiiclfid cimiit., the absolute value of adrnittanee is 
proportional to the leii^dh of the nia^uetie cireiiit, and invei*se 
proportional to cross-section S, frequeiu^y N\ permeability /i, and 
square of the number of turns n: 

11. In an open magnetic, circuit, the conductaneo Ik tlie same 
.as in a closed magnetic circuit of the .same iron part. 

12. In an open magnetic circuit, the admittance v is practically 
-constant, if tlic lengtli of the air-gaj) i.s at least -f of the length 
of the magnetic circuit, and saturation is not approached. 

13. In a closed magnetic circuit, conductance, susceptance and 
admittance can be tissumed as constant in a limited range only. 

14. From the sluqie and the dimensions of the circuits, and the 
magnetic constants of the iron, all the elecjtric constants: 

r, A*, u, ctan be calculated. 

I I*— l^ouomdt or .Eddy-Ourrent^. 

While magnetic hy.steresis or moleimlar friction is a magnetic 
phenomenon, cddy-currcnts are rather an electrical phenomenon. 
When passing through the iron, the magnetic field causes a loss 
of energy by hysteresis, which, however, does not react magnet¬ 
ically upon the field. When impinging upon an electric con¬ 
ductor, the magnetic field induces a current therein. The 
M. M. F. of this current reacts iqioii and affects the magnetic field 
more or less, and tliiis an alternating magnetic field cannot jien- 
etiute deeply into a solid coiiductoi', hut a kind of screening eiffect 
is produced, which makes solid masses of iron unsuitable for 
alternating fields, and ncce.ssitates the use of laminated iron, or 
iron wire, as the carrier of magnetism. 

The eddy-currents are true electric currents, though flowing in 
minute circuits, and" follow all the laws of electric circuite. 

Their e. .m. e. is pro[)ortional to the iiiteiisity of magiietiEation 
J?, and to the frequency W. 

Thus the eddy-currents are proportional to the magnetization 
JB.) the frequency W, and the electric conductivity y of the iron, 
hence (ian be expressed by: 

6- fir B N, 

TTie power consumed by the eddy-currents is proportional to 
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their square, and inversely })roi)ortional to the electric conductiv¬ 
ity, hence can ])0 expressed by : 

Ti^ = i> y ]Sf\ 

or, .since Ji .^^is proportional to the induced k. m. k., by the 
equation: 

E= n B10\ 

“ The loss of pmoer hy edlly-^airn'ents is peoimHiomxl to thf 
sfjvm'e of the k. m. k., and proportional to the eh'etrir ronduHhito 
of the hum: 

I F =r a. T? yr 

Hence that component of the elTectit^e conductaiice, which is 
due to eddy-currents, is : 

ir 

y = r\ 

tliat is: 

“ The (upiimlent (midtwUmoe due to eddy-eurrenU in the iron 
is a oonstaut ((f the niaynatia eirenif independent of k. m. k., 
fretpmuay^ ete,^ hut proportional to the eleolrie eond/mdirity of 
the iron, yT ’ ‘ 

Eddy-currents cause an ndvaiuu* of phase of the. current also, 
like magnetic, hysteresis, hy an anyls of admrwe, /?, hut milikti 
liysteresis, eddy-currents in general do riot distort the current 
wave. 

The angle of advance of phase due to (sddy-currents is: 

sin rr 

•0 

where o r- absolute admittance of the circuit, y e<ldy-current 
conductance. 

While the equivalent c.(»ndu<;t.ance,/. due to eddy-currents, i.s a 
constant of the circuit, iride]>endent ot. n, m. k, frequency, etc*., 
the I 0 .SS of power by eddy-currents is proportional to the square 
of the E. M. of self-induction, hence proportional to tlie square 
of frequency and the square of niagiietizution. 

Of eddy-currents, only the energy eoinponent, y is of in¬ 
terest, since the wattless <;omponent is identical with the MUittless 
component of hysteresis, discussed before. 

Ihe calculation of the losses of power hy eddy-currents is the 
following: 

Let V = volume of iron, 

B = maximum magnetic induction, 
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N' = frequency, 

Y = electric conductivity of iron, 
e = coefficient of eddy-currents. 

The loss of energy per cm.®, in ergs per cycle, is ; 

h =■ ay N 

hence, the total loss of power by eddy-currents is-: 

W ="SY ^ ^ 10”’ watts, 

and the equivalent conductance due to eddy-currents: 

^_TF"_10e7'Z _ .507 e Y L 

‘ 2 6 '8 7 ^ ^ 

where: 

L = length of magnetic circuit, 

S = section of magnetic circuit, 
n = number of turns of electric circuit. 

The coefficient of eddy currents, e, depends merely upon the 
shape of the constituent parts of the magnetic circuit, that is, 
whether iron plates or wire, and thickness ol plates or diameter 
of wire, etc. 

The two most important eases are : 

(«) laminated iron, 

. (J) iron wire. 

a. Laminated Iron. 

Let, in Fig. 14, 

d = thickness of the iron plates, 

B = maximum magnetic induction, 

N = frequency, 

Y — electric conductivity of the iron. 

Then, if a? is the distance of a zone, d aj, from the center of 
the sheet, the conductance of a zone of thickness, d a?, and one 
cin. length and width is, dx\ and the magnetic flux cut by 
this zone is, B x. Hence, the e. m. f. induced in thin zone is : 

^ B = i 2 TT E B X (o. G. 8.) units. 

This E. M. F. produces the current: 

d Q ^ EY dx — EB Y X d X {g. G. a.) units, 
if the thickness of the plate is negligible compared with the 
length, so that the current can be assumed as flowing parallel to- 
the sheet, in the one direction at the one, in the other direction 
at the other side. 
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The power consumed hj the induced current in this zone, 
a?, is: 

d W—S Ed 6^=2 7c' y d m (c. a. s.) units or erg seconds, 

and, consequently, the total power consumed in one cm.=* of the 
sheet of thiclcness, d : 

<1 W = W - 2 E- IP r r “ ir- d k 

~i »/„rt 

=- 1 . ... ( 0 . a. s.) units, 


hence, the power consumed per cm.’’ of iron : 

„.? ir 7e^E\/Pyd\^ 

w — -(o. (>. s.) units or erg seconds, 

and the energy consumed per cycle and per cm.'’’ of iron ; 

/, _ ^ Y dr JST IP 

Thus, the ctoofficieiit <»f eddj-iMirrents for laminated iron is: 

V"’ il - 

fi .r: LOdH d\ 

(» 

where y is expressed in (o. o. s.) units, ilence, if y is expressed 
in pnictical units, or mho-centiiruitres, it is: 

-r“ /'/S! lO -f 

g == :l±.2}L ™ 1.(145 //a 10-^', 

(» 

Substituting for the conductivity of sheet iron the approxi¬ 
mate value: 

r l()^ 

we get: 

Coeificient of eddy-currents for lainiiuitcd iron: 

d'^ JO--” 1.040 dP 10“». 

Loss of energy jier cm.” and cycle: 

4 =e y E IPz=z d^ y E IP 10"-«==Lf}45 d'^ y ^ Lr” ergs 

= J.645 dP N IP 10-^ ergs: 
or, ” 

h = 10-’ = l.fiiS rf’ If & 10-" jtinlai. 

Loss of power per cm.® at fretpicncy N : 
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w = N h =■ ey 10“’ = 1.646 10~“ watts, 

and, total loss of power, in volume Y : 

W = Yw ■=■ 1.645 Y ^ 10““ watts. 

Instance: 

d—\ mm. = .1 cm. lY =. 100 . B — 5,000. F = 1,000 cm.® 
e = 1,646 X 10““, 

Ji = 4110 ergs = .000411 joules, 
w = .0411 watts, 

IF = 41.1 watts. 



14. Fig. 15. 


h. Iron Wire. —Let, in Fig. 15, c? = diameter of wire; 
then, if x is the radius of a circular zone of thickness, dx, and 

one cm. length, the conductance* of this zone is, IAB. and the 

2 ;r a? 

magnetic flux enclosed by the zone is ^ tt. 

Hence, the e. m. p. induced in this zone is- : 

d ^ = F 2 TT® iF ^ (o. G. s.) units. 
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and tlie current produced tliereljy : 

>/ / r___ r <» 
a t ~ y A, 


X TV' JJ 


V '‘2 Tt 


Y N /) it; d it‘ (o. (i. a.) units, 


hence, the power conauined in this zone : 

dW=i) Kd f? = r’ r iV“ //»,e a („. s.) units, 

and, consajnently, tlic bital ]Hi\vor votiRnniud in oiii! eiii. luiu'tli 
of wire: * 

^ rf ir = a* y A^= IP r 

^ ^ ty 0 

= ^ r A" JP d> (v. S.) unita. 

Since tlie volume ot one eni. lerij^tli of wire is: 

4 

power consumed in one cm.'' of iron ia: 

_ If 

w --- y (/- units or erg seeouda, 

and the energy consumed per <‘.yele and cm,''' of iron : 

4 ™ ^ y A A' ergs. 

Thus, the coeflicieiit of eddy-cumnits for iron wire is: 

^ jn7 d% 

or, if y is expressed in practical nnits or mho lunitimetres === 
absolute units: 

£ rr 1^. HP" rr M7 U'^ Ur‘\ 

Substituting: 

r - 10 “ 

we get; 

Coefiieient of eddy-currents for iron wire: 

e = 10 ~t. ~ .017 ,p 10 -,. 

Loss of energy per em.» of iron, and per liycJe: 
h = er JV 7 i* = rP y JV i?« 1 . 0 " =: .017 fP y A/ /P l()-» 
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= .fil7 N" IP 10-^ ergs, 

— sy NIP 10"’ = .617 d'^ N 10"“ joules. 

Loss of power per cm.\ at frequency JV: 
w = B h = e y B 10"’ = .617 d^ B 10"” watts, 
and, total loss of power, in volume F: 

W — Fto = .617 Vd^ 10"” watts. 


Instance: 

= 1 mm. = 1 cm. N — 100. B — 5000. F = 1000 cm.® 
e = .617 X 10"”, 

Th = 1540 ergs = .000154 joules, 
w = ‘.0154 watts, 

IF = 15.4 watts, hence very much less than in 
sheet iron of equal thickness. 

Compcbrison of sheet iron, and iron wire. 

If s 

d~i = thickness of lamination of sheet iron, and 
d^ = diameter of iron wire, it is: 

■coefficient of eddies in sheet iron: 



■coefficient of eddies in iron wire: 



jj2 

16 


d^ lO"**. 


The loss of power is equal in both—other things being equal— 
if = gg, that is: 

or, 

(fg = 1.63 d\. 

That is: 

The diameter of iron wire can be 1.63 times, or I'oughly If 
:as large as the thickness of laminated iron, to give the same loss 
of energy by eddy-currents. 


ALTJjfiRNATING OuRRENT TRANSFORMER. 

The relative proportions of wire and lamina are shown in 
Fig. 16. 

The same formulas obviously apply to the eddy-currents in 
masses of any other material, substituting for y the proper value. 
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As an instance of tlie calculation of ferric inductances, tlie 

general equations of the alternate current transformer inav be 
given. 

Let: 

^ 0 = +./ = hystcretic admittance of priniarv coil, 

= >^’0 A’o = iuipedunce of primary coil, 

^1 = y’l ,/ tVi = impedance of secondary coil, 

where the inductances, .v„ and ,v,, refer to the How of true .self-in¬ 
duction, that is, that magnetism, which surrounds (uie of the 
transformer coils only, hut not the other. 

Let a = =: ratio of turns of primary and of secondary 

coil. 



Kio. 1«. 


Then, denoting the terminal voltage of primary and of 
secondary coil by and ./s',, and the k m. k.’s induced in those 
coils by the magnetic dii.x surrounding them by /j;,' and A]', it is- 

•A;/ = a . 

Denoting the total admittance of the secondary circuit—in¬ 
cluding tlie internal imjiedance of the secondary coil—by: 

.1, ^ i>^ ~f",/ ^1 

the secondary current is: 

(\ ^ r, 

consisting of the eiiui-gy component, p, E,\ and the wattless 
component, 

Hereto eoiTesponds the eomponent of primary etirrent, by the 
ratio of turns: > j - 

a = 9.' - I'l ■i':;* 
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The primary exciting current (current at open secondary cir- 
enit) is : 

= i; K 

lieuce, the total primary current: 

= 6>+ c„= + «= j;,), 

and, the ratio of primary and of sccoinhiry current: 

The terminal voltage of tlie secondary coil is : 

a; = 7i; - u, G, 

= E: (1 - U, Y,). 

The terminal voltage of the primary coil is : 

E, = ,/i:. + u, 

= «4- A (r, + „? r„} ■ 

= ,< Av (. + A-„ r„ = 

hence the ratio of primary and of secondary terminal vi>ltage: 

14. A/ 

■E,_^ , ^ 

That is, if, at the primary impressed k m. k, the secondary 
circuit is closed by the admittance Yj , it is: 

31.atio of transfonnatioii of e. m. f.’h : 

//’ 1 + Y^^ -f- 1 

ir, 

Itatio of transformation of currents: 



where these ratios are complex <iUHntities of the form: 

p (cos w j sin a>), 

tlius denoting the numerical value of the ratio of transformation 
by the vector j;, and the plnise difference between primary and 
secondary circuit l.)y angle w. 
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^ Discussion. 

thp ^ '»"0”W like to comment on 

tte remarks of Mr. Steinmetz on the idea of the eqnivalent sine- 

Wei; T C* 

, nature of actual current waves has been particu- 

AM paper to which we have listened 

«t I we know that this distortion exists, we 

still tod It convenient to make wliat we call the “sine assumm 

OToncpd sine assumption does not mean as commonly 

^posed, that we colder that die cnrront is aotnally hamioiiim 

i^v Steinmeta as well 

^ i' aod myself.'' The sine assumption with tliis 

^ Pu''“‘ eombining experimental and 

Sren ttot w’do’ "5®" *° *‘‘® «''i*m'8ra wliich is often 

uohirth»t^l?t*® in >‘e^rd U, one other 

point, that 18 in regard to the hysteresis loss in the revolviiur 

SlwL‘ldri“'’f'®^i*‘!‘'‘®.’‘y®*®'^‘® *‘‘® ‘■•ansformen 

Me W- r'^ *® ‘''® ‘wo oases: 

nn+?rv • ? tl‘e loss of energy by mag- 

revolvin^*3,'f ^ field, as for instance'm tlm 

revolving armature ot a bipolar smooth core dvnaino 1 fVtiin/l 

no essential difference witli the loss in an alternating held But 

Jf ZihSl fanm ri"^ “*1 ®“” in^i^m'matnre 

or a machine is not the molecular magnetic friction onlv hut 
supenmposed upon it are eddy-current losses in tlie iroif’ the 

conductors, which losses are proportional 
to the sqiiare of the magnetkation. Thus, the observed com 
loss sometimes rises with a power higher than ] fl sometimes 

caSlfvHf by la'oioatiiig the iron very 

pp *'.‘® “ookanieal conatraction m m to exii2 

no solid metal to the alternating field, and shapins threondn/toi 

l^e^d 

fSontf ttobSt ’^Tv ‘f®?"™®! by the genemtor less 4o 

hysteresis loss, bnt to the loss by moleenlar Smtie *frMm. 
since m the generatom we probab^ have no l”XS.*TS 

1. Transactions, vol. XT, p. 46. ' 

Phyaieal Meoim] vol?? Measuring Power. 
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pains once to find out if there is a lag of the magnetism behind 
the resultant magnetizing force in a generator, which would dis¬ 
tort the wave of electronu>tive force, hut I did not find anything 
of the kind. I found no hysteretic lag. a.’hus the total loss of 
energy, which as you see here in this case is rnany^ kilowatts, is 
supplied directly by^ the mechanical power, in which way I am 
not able to say, but it is not in the form of a hysteretic loop, at 
least not a hysteretic loop of noticeable size. 

Pkof. Anthony: —I would like to ask one question simply to 
see whether I have properly understood Mr. Steinmetz.’ I 
understand him to mean when he spetiks of equivalent sine- 
curves the several component sine-curves into which the distorted 
curve could be resolved. 

Mr. Steinmetz :—No, I meant a true sine-wave of current of 
the same frequency as the fundamental, the same effective 
intensity as the total distorted wave, and shifted against the- 
equivalent sine-wave of electronn^tive force by such an angle 
that its power in watts equals that of the distorted wave. I can 
say that the eqivalent sine wave is not identical with the funda¬ 
mental sine-wave, except in the case where the sum total of 
higher harmonics is wattless, heeause the equivalent sine-wave 
includes the energy of the higlier harm(»nics also, and thus the 
remainder, or the aifferencc! between distorted wave and equiva¬ 
lent sine-wave, generally includes a component of the same fre¬ 
quency as the fundamental. 

Mr. Kennelly :—This paper seems to me to he valuable, 
first, for its bearing upon the subject of hysteresis and its nature, 
aud, secondly, upon the priWiticardetermiiiation of inductances or 
of equivalent inductances in coils containing iron, such as trans¬ 
formers, The main point, it seems to me, can be stated in a very 
few words. When the current is no longer a sinusoidal wave, 
if it becomes distorted by the action of iron in the circuit, it 
is a complicated wave such as shown at k in the Figs. 7 and 8, 
etc. But the ammeter or dynamometer which is used to measure 
that distorted current wilfshow some eifective current strength 
which might be attributable to a pure sinusoidal current. ' It 
would show a current strength in ani[)ereK which would be rep¬ 
resented by the curve a, so that the real cui*reut f, wlioso shape 
can only be determined b,y a long series of exi)erimentH, has an 
equivalent representfition in the dyruirnoineter.such as would be 
produced by a current of the pure sine shape of o. But if you 
do not carry the magnetization too high, tlie amplitude of the 
pure sine-wave o, such as the dynamometer, wouhl lead you to 
suppose exists, and the airiplifcude of tlie actual distorted wave f 
are equal. This, if true, is au important and valuable proposi¬ 
tion, because it gives you the maximum uninber of ampere-turns 
on the magnetic circuit, the maximum cyclic magneto-motive 
force. But it is pointed out that when you get beyond 10 kilo- 
gausses in your iron, you will no longer have this relation main- 
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teined. That is in agreement with the observations in Div 

this morning, where it is shown 
that the harmonics of his primary currents remained propor¬ 
tional to the current strength if he did not go up too far in flax 
intensity, and that is bearing directly on this paper. If yon do 
not go beyond 10 kilogausses you will probably have those two 
wave crests on the same line. 

®^® to which a little further 

attention might be given, and that is in regard to the lag of the 
current behind the electromotive force when the current and 
electromotive force are not harmonic. Those who have had occa- 
sion to make a study of currents which are not strictly hannonie 
rj? the i^ase relations, have doubtless met this 
question. The phase difference between the maximum values 
and zero values or any other values of the current and electro- 

^^® ^®® *^® ®qoi^alent sine 

function is the solution of this question. We assume an equiva- 
lent electromotive force which is harmonic and has the same mean 
square value as the electromotive force which is not harmonic* 

*^® We then set these two 

with su<A an angle of lag between them that the power is the 

get our power from other measurements 
measurements of the power, the current and the 
electromotive force, we thus have a measure of the angle of lao* 
cannot be otherwise obtained when the currenS 

mw f(^ the angle d. whether the current is harmwiic or not 

would like to point out one thing here, 
a misconception to arise. This dissolving of tlie 
distoited^ wave^ into^ an equivalent sine-wave, and a wattless re¬ 
mainder is not identical with the dissolving of it by Fourier’a 
theorem into a senes of sine-waves, because the equivalent sine- 
wave o 18 not the fundamental component of the total wave but 
the wattless remainder of apparently triple frequencv shown 
contain a term of simple frequency. * * 

io hx a detinition of this equivalent sine-wave, it is «a sine- 

ware “density and equal power with the true 

wave. It you take a wave of electromotive force, for instance 
and a wave of current, then the higher harmonics may but ncS' 
not, be powerless This is especillly the case if yTu have toe 
current distorted by hysteresis. ^ 

q+Sf ^ ®n this paper of Mr 

Stemmete, a very interesting paper indeed. In the W n W 

in studying these harmonics in the course of last vear T 

especially, Prof. Eowland’s paper of 1892 to guide me inwWdi' 

a radically different view was taken from that of Prof’ Flemincf 
Comparing these two views with mv own wnrV ^ ‘emmg. 
that theyUd be recouea^to7ceTiuT'^;i ™ 
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The hysteresis loop reminds ns of two things: In the first place, 
of the loss of energy, and, in the second place, of the variation 
of permeability. Fow Dr. Fleming ascribed the generation of 
harmonics to the action of hysteresis in general, not saying 
oxactly what he meant by it. Hysteresis is a very broad term 
and may be made to mean a great many things. Prof. Howland 
specifieii his view and ascribed the presence of harmonics to the 
variation of permeability. Both views, therefore, refer to the 
hysteresis loop for an explanation of the distortion of the current 
wave. In the course of a discussion^ at a meeting of this Insti¬ 
tute, I suggested that the distortion of alternating current waves 
could be very well studied by studying, with the aid of the 
hysteresis loop, the process of magnetization and demagnetization 
•during each cycle. Mr. Steinmetz’s method is exactly the 
method to which I referred at that time. I am sorry that Mr. 
Steinmetz has not explained the details of the method of his 
investigation and the data obtained by it, which enabled him to 
plot the harmonics of various frequencies from the hysteretic 
loop. 

Another point that I would like to mention refers to what Mr. 
iSteinmetz calls “ molecular friction.” The distinction between 
molecular friction and hysteresis does not seem (juite clear from 
Mr. Steinmetz’s paper. I have expressed my opinion on several 
occasions in the course of this and last year, that there are certain 
phenomena going on during each complete cycle of magnetization 
of iron whidi cannot very well be explained by Foucault current 
and hysteresis as commonly understood, but which phenomena 
seem to point out clearly the existence of additional passive 
resistances. Possibly Mr. Steinmetz means the same thing when 
he speaks of molecular friction. There is certainly a very 
marked difference between the action of iron when it forms a 
closed magnetic circuit and when it does not form such a circuit, 
especially in its damping action upon a resonating current. 
Again, certain kinds of iron may have a large hysteretic constant, 
but only a small damping constant, etc. These differences appear 
at all magnetizations, even at magnetizations due to telephonic 
currents, and are especially marked at higher frequencies. There 
is a certain magnetic sluggishness in every piece of iron, and it is 
my opinion that this sluggishness is not measured by the hysteret¬ 
ic action as ordinarily understood, nor by Foucault current losses. 
Fow what this sluggishness is, it is difficult to tell. The inven¬ 
tion of a new name like “ molecular fiiction ” certainly does not 
advance our knowledge one bit. It may retard it if the new 
name should lead us to believe that further inquiry into the 
matter will lead to nothing more than mere commonplace 
molecular friction. 

Mk. Steinmetz :—I think Dr. Pupin is mistaken in his state- 

1. See discussion of Dr. Bell’s paper, “ Practical Properties of Polyphase 
Apparatus.” Transactions, vol. xi, p. 46. . 
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meiit with i*ef?ard to the name li.ysteresis. Tiie word has a welt 
deiined nieaniii.jr. It was iiitrodiieed merely to denote the I'la- of 
tlie magnetisin hehiml the magiietomotive force, as the derivjitioii 
of the word signifies, which lag causes the magnetism a.s function 
of an alternating At. m. k. to describe a cio.sed curve, the “ loon of 
hysteresis.” * 

‘Afterward it vyas sliown liy Warburg and Ewing tliat the area 
of the hysteretie loop represents energy, and represents the enerirv 
expended by the ma^r„etomotive force during the cycle of nuuf 
uetisni, and from this, the erroneous conclusion has been drami 
that this hysteretie energy is the energy lost in the iron by molec- 
u ar magnetic friction, that is, by changing the magnetic state 
of the iron, riiat is what 1 want to make clear-tliat this con 
elusion is wrong; that tliis energy expended by the imi-iieto' 
motive force is not necessarily the energy wa.sted in the'^inm 
Ihe energy represented by the hysteretie loop or a part of itir av 
be converted into mechanical motion, or tlio energy lost in molcc 
iilar magnetic friction may he supplied by mecfianical encri^v 
and the hysteretie loop may collaiise, or may expand consideraldy 
so that between the area of tlie hysteretie loop and the loss of 
energy m the iron there is no direct relation. I have exiilained 
this (^mte fully and sliowii l.y tests in my second paper on hys¬ 
teresis. bnuio, however, it seems to have eseaiied attention 
probably due to the length of aforesaid pajier, I thought it 
advisable to disenss it again more fully in my present paiier 
Now with regard to tlie clianges of permoahility and to hv.ster- 
esis as producers ol higlier harmonics, the statemen't that hyi.t*ere8is 
produces higher harmonics, is ipiito correct. It produces hiirhor 
harmonics, hut cliange of permeability does the same, or rather 
hysteresis is notlnng but a change of perineallilIty. Take this 
case I show here on piiges 1575-7, Eigs. 2 and 4. There you Jiave the 
produced by tlie variable permeability. Wliat 
rrof. Pupin means m his statement that liystoresis does not pro¬ 
duce uglier harmonica is probalily that molecular magnetic fric¬ 
tion docs riot necessarily cause higlier luirmonics, and with that I 
agree; higher liarnionies of current ajipear onlv when tlio molec¬ 
ular magnetic frictioii caHses a variation of permealiility in the 
form of liysteresis. Lnt besiilo this, there are undoubtedly still 
other causes, which produce higher harmonics, which are neither 
change of permeability nor hysteresis. 

Of any sluggisImesH displayed liy the iron in changing its 

Xfnod any trace which could imt ifoox- 

p allied as the effect of the hysteretie loop, and tliiis do not believe 
that any such sluggish ness or viscous hysteresis exists at ordinary 
frequencies of a few hmidnd cy^cles. »««maiy 

Ihe difference in the action of a closed circuit transformer and 
f tm^fonnor Ib fnlly oxplaine.1 by tlStS tSm 
open circuit tran sformer is at open secondary circuit highly in- 

1. T»an.saction.s, 1893, vt»I. ix, (jhaptur v, p, 711. " 
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ductive; that is, the ciirreiit passiiijj; throngli it is almost all idle 
or wattless current, having a small energy component only. In 
the closed circuit transforiuer the mngnetizing current is so small 
tliat tlie exciting current is largely energy current—hysteretic 
energy current—the angle of lag lieing even at open secondaiw 
circuit only from 40 to 00 degrees. This explains that no reson¬ 
ance can ho produced by a closed circuit transformer, since re¬ 
sonance presupposes a highly inductive circuit, which tlie trans¬ 
former is not. 

^ Can anyone inform me when the relati<jn between the distor¬ 
tion of the alternating current wave and the liystoretic loop was 
iirst stated by Fleming? 

Da. PupiN :—It is in the second vohnue of his hook. 

Mk. Steinmetz :—Tf you go back, for instance, in our Trans- 
AoiioNS to Prof. liyim’s paper*, I think it came out in 1881), he 
plotted the hysteretic loop from the wave shape of the current, 
therel)y making use of the feature, that the distortion of the cur! 
rent wave is duo to the hysteresis, and that the hysteretic loop 
can be reproduced from the distortion. What 1 did here was 
merely to reverse the process. Put this has probably also been 
done before that. Thus I did not need to give a very explicit de- 
scri|)tion. Bnt 1 tldnk the credit of having first shown this rela¬ 
tion botwoen distortion and hysteresis is due to Prof. liyaii. 

-Du. Pupin:—I do not think that Prof. Ryan employed the 
hy.storetic loop for plotting the various harmonics. If 1 remoin- 
ber correctly, the curves of current and electromotive force were 
plotted by sliding contact, and thou the liarm()ni< 5 H were deter¬ 
mined by the ordinary method of harmonic analysis. 

Mr. Stkinmktz:— f think he did it directly from the shape of 
the wave of the current, not from the watt curve, if I am not 
mistaken. I really do not remember exactly. 

Dr. I^upin:— Perhaps Dr. Bedell can tell us? 

Dr. Bei>kll:— -1 think tliat the relation between hysteresis and 
the ^.hupe of the current curve was first brought out by Ih’ofessor 
Ryan and doscrilied by liiin in his papei’^ on tr.'iusforiner-! before 
this Institiitk in 1S80. In conjunction with Professor Merritt, 
he constructed a hysteresis loop from the curves of current and 
electromotive force taken by the method of instantaneous con¬ 
tact. l^'rorri those curves for current and electromotive force, 
they did construct a watt curve, as Dr. Pupin states, hut they 
made no use of this in determining the hysteresis loop, obtaining 
the latter directly from the instantaneous curves. That this 
relation between the current curve and the hysteresis loop existed 
had been pointed out a little before this time by Dr. Hopkinson,® 
who showed the relation by means of a graphical construction 

1. Tuansagtions, vol. vii. p. 1. 

S. im. 

8. Hopkiusou: “ Itidaction Coils or Traiisforruew.” ProcaeMngH of tho Bogal 
Gomty^ acb. 17, 1887. Also givoii oa p. 184 of his ro-prliitod papers. 
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involving three dimensions which was based upon some results 
obtained analytically from fundamental differential equations. 
As far as I am aware, however, it has not been until recently 
that Dr. Hopkinson has made any investigations in this direction. 
In a paper^ published a year ago or so, he described an extended 
investigation in which hysteresis loops were obtained for different 
frequencies from curves taken by the method of instantaneous 
contact. This is, I think, the most complete investigation upon 
this line of work which has thus far been published j but it 
differs from the work of Ryan and Merritt only in its greater 
completeness. 

In a paper^ published about a year before the work done by 
Professors Ryan and Merritt, Dr. Sumpner showed a very pretty 
graphical construction for obtaining the current curve when we 
are given the electromotive force and a curve showing the rela¬ 
tion between the current and the time-constant of the circuit. 
This is at least of considerable theoretical interest j but he could 
have carried it further. Furthermore, if I remember rightly, he 
did not take a different time-constant curve for his ascending and 
descending values. He did not accomplish by his method, how¬ 
ever, that which was done by Ryan and Merritt, viz., the con¬ 
struction of a hysteresis loop from the current curve. 

Dielectric hysteresis, as well as magnetic, affects the shape of 
the current curve. I have already had the pleasure of calling the 
attention of the Institute to this relation, and of describiiig a 
method for determining the hysteresis loop for a condenser. 
Such a loop is given in the Transaotions^ for last year. 

Each one of the papers I have referred to has contributed 
something of value to the question at hand, and due credit should 
be given to each of the several winters; but 1 think that to Pro- 
tessors Ryan and Merritt must be given the credit for the practi¬ 
cal development of the subject. The harmonic analysis of these 
curves according to Fourier’s theorem was worked out by them 
and 18 given by Dr. Fleming in the second volume^ of his work 
on transformers. The fundamental together with the third and 
ntth harmonics were found to closely represent the actual dis¬ 
torted wave. 

In conclusion I would say that I consider all this work of par¬ 
ticular signifacance, combining, as it does, observed phenomena 
and mathematical analysis. Theoretical deductions are always 
based upon certain preniises, and in many cases these premises 
have consisted of artificial conditions. The conclusions are rigor- 

assumed conditions, but the conditions are 
unobtainable. We are acquiring greater ability in making our 

Hopkinson : London EleeMeian, Sept. 9 ISOr”' 

Grays Absolute Measurements in Electricity and Magnetism,” vi.H n 752 ’ 

3. Sumpner: Philosophical Magazine, June, 1888, p. 468. 

8. Transactions, vol. X, p. 635. 

4. “ Alternate Current Transformer,” vol. ii, p, 45 g. 
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conditions accord witli facts. It has often liappeiied that our 
conclusions are only true in case hysteresis be absent and the 
current is a true sine-wave. But this need not be: we may 
make quantitative assumptions as to the hysteresis present, and 
may assume the presence of such harmonics in addition to the 
fundamental wave as occasion demands; predetermination be¬ 
comes possible, and our work becomes detinite and exact. 



A paper presented at the £levent/t General Meet 
ing of the Anteriean leistitute of Electrical 
Engineers^ Philadelphia^ May lSih^iSQ4. Presi~ 
dent Houston in ike Chair. 


EXPERIMEJSTTS OX TWO-PHASE MOTORS. 

by dr . LOUIS DUHOAN, S. H. BROWN, W. P. ANDERSON AND S. Q. HAYES. 

^ Withm the last few years rofcaiy field motors have been greatly 
improved, and the conditions for successful design are moderately 
well understood. The problem has been attacked mathematically, 
and results have been obtained which, while interesting, have not 
been submitted to the test of experiment. The mathematical 
treatment^ is difficult, unless many essential phenomena are 
omitted; indeed it is only lately that the solution of the case of a 
motor supplied from a constant potential circuit has been under¬ 
taken, and as this is the condition of actual practice the results 
even with their evident limifeitions are important and interesting. 

ihe phenomena that occur in the armatures of these motors are 

of special importance, but they have not yet been submitted to 
experimental investigation. 

The experiments of which this article is a description were 
mtended for &e purpose of developing a metliod of obtaining 
the current md electromotive force curves of multiphase motoi^ 
and of applying it to a two-phase, two h. p. Tesla motor kindly fur- 
mrt^ by the WesMnghonee Electric and Manufacturing Company, 
mile the results are probably correct for the madune testel 
yet as the motor was small with inward projecting polepieces 
the result will differ considerably from those that would have 
been obtained on a larger machine, or one without projeeting 
pole-piecm. It was impossible for us to get any other m^hine^ 
Md the development of a method is, we think, of as great im- 

portance as the results themselves. ® 

nriffc “ *^*“7 J-esaltant field is not exactly 

^iform, but pre^nts some irregularities—then if the difference 
between the speed of the field and the speed of the armature ia 
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not a multiple of both, the armature electromotive force will not 
in general be a periodic curve, because if we consider an armature 
coil enclosing a maximum number of linoH of induction, then 
when it again includes the maximum number, the field will be in 
a different position with respect to the ]>ol(5s, and its maximum 
value may be different. Or to juit it another way, if the differ¬ 
ence of the speeds of the field and armature is not a multiple of 
both, then any particular armature coil will not have the sjime 
relative position with respect to both the field and the pole-pieces 
in its successive positions of maximum induction. It is necessiiry 
then, in order to obtain [>eriodic armature curreuts, that some 
form of gearing be employed. 



Fid. 1. 


If large machines are to be tested, where it would be incon¬ 
venient to transmit a large amount of , power by gearing, the 
motor may be loaded until the desired speed of test is approxi¬ 
mately attained, when a very light gearing between the dynamo 
and motor will serve to keep this speed constant, the gearing 
serving simply to check any small tendency toward a change of 
speed. In our own experiments, the power to be transmitted 
was small, and the construction of the motor was such, that we 
had no room for a gearing and for a coupling to a load. We 
-consequently geared the motor to the dynamo, the motor energy 
being given back to the dynamo. 
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The apparatus experimented on, consisted of a 25 h. p. two- 
phase dynamo—an ordinary constant current niaehino supplied 
with four collecting rings—and one two-phase, 8-pole, 2 ri. p. 
Tesla motor. The electromotive force of the dynamo, as 
may he seen from the curves, was practically a siiie-cnrve. In 
our work the motor was not riiu up to its full capacity, us we 
were limited by the amount of power the gearing would safely 
transmit. We can not better describe the armature winding of 
the motor, than by quoting part of a letter written us by Mr. 
Charles F. Scott, of the Westinghouse company. 

“ The one you have, has, however, 41 slots. The odd slot was 
placed in this motor so that the relation of the armature teeth to 
the held poles was different in different parts of tlie circumfer¬ 
ence, and the forty (40) incijiient dead points wliicli iniglit have 
occurred, were avoided by the addition of the extra slot. The 
winding consists of four (4) layers; the first and third are exactly 
similar and coincident in the slots occupie<i, and the second and 
fourth are similarly related. The four coils in each layer are 
connected in scries and short-circuited.” 

The idea was to make the mutual induction of an armature 
coil with respect to the poles, a sine-curve. Of course with a. 
limited number of slots, it is impossible to have the mutual in¬ 
duction of the field and armature, exactly a sine-curve. But it 
is possible to very nearly accomplish this, ospeciaily in large 
armatures, and the importance of it is Ijcginning to be appre¬ 
ciated. Mr. Scott, of the Westinghouse company, was one of 
the first to appreciate the importance of the armature winding 
and the proper method of doing it, and he deserves much credit 
for his quiet and persistent work which has resulted in the 
production of excellent motors instead of voluminous papers. 

It is of course true, that the period of the armature is the sum 
of the periods of the field and the armature. As we wished to 
obtain the curve of the armature current by the contact method, 
it became necessary to get contacts whoso period was the sum of 
the field and armature periods. This wa.s obtained by an 
arrangement of apparatus sliown in Figs. 1 and 2. In the Fig 1, s 
and s^ are the two sprocket wheels winch gear the two machines- 
together and give them tlie desired relative speeds. and s'" 
are two others which gear the graduated disks which carry tlie. 
brushes. » and are the two instantaneous contact disks, one 
mounted on each shaft, and J, c, U are the wijiing brushes.. 
K is a condenser and n a charging battery; h and g make the cir¬ 
cuit through the battery and condenser once every revolution. 



1894.J 


BUNOAN ON TWO-PHASE MOTOBS. 


621 



CO 

I 



622 


DUNCAN ON TWO.PHASE MOTOliK 


[May 18, 


thus keeping the condenser charged. Wlieii a. and make 
simultaneous contact, the batterj circuit is lu’oken and the con¬ 
denser is discharged through the movable coils of the dynamom¬ 
eter which are all connected in series, v and id are tiie motor 
field coils, r and r^ the rings of the mottn- and dynamo respec¬ 
tively. E is a double pole, double tlirow switch to which are 
connected the terminals whose potential dilference curves are 
desired, m is tlie motor armature, and a is a switch in the circuit, 
of the current instrument, id is a battery which sends a stoddy 
current through the large coils of a dynamometer. This dyna¬ 
mometer is used as a correcting instrument, and the resistance in 
the condenser circuit is regulated to keep its deflection constant.. 



If the brushes are set together on the contacts, ami tlien the two 
machines revolve with a given speed ratio, say, four to three, the 
brushes will again be simiiltaneouHly on the contacts, when the 
machines have made, respectively, four and threse revolutions. 
If the ratio was seven to six, the machines would make seven 
and six revolntions before die contacts would again be coincident. 
In this way we obtained the needed instantaneous (uirrent. 

After obtaining one point on the curve in this way, and wish¬ 
ing to obtain another point, we must shift our brushes through 
angular distances proportional to the speed ratio of the two 
machines; otherwise they would not make simultaneous con¬ 
tact again. Having shifted them in this ratio (say, if the ratio is. 




1894.] 


DUNG AN ON TWO-PIIASE MOl'OMS. 


SIX to seven, ve would sh.tt 10 degi-ees on the dynamo disks, and 
I of 10 dogreoR on tl.e motor disk), we obtain in another point 
on the curve lo accomplish this easily, we gear the brushes 
togethei in the samo ratio as the armatures are geared, as is 
shown in hig 1. Our geai-ing both for the brushes and Irma- 

tnres consisted ot sprocket wheels and chains and was very 
satisractoiy. ^ 

As the inaehinc we tested was small, and was run much below 
Its mted electromotive force, it was not, of course, particularly 
efticioid, and as the aru.atiim efficiency is approximately the 
ratio of the armature speed to the field speed, this ratio was oom- 
jiaratively small, and the period of the armature current was 



Fia. 5. 

smal], tlnip onabling uh to uho for measuring it a form of dyna- 
momcter \vlii(}h lias l>een described before, and which was 
invonted by one of us foj- obtaining such curves. It consists of 
a stationary coil carrying tlio current whose curve is to be ob¬ 
tained, and a movable (?oil through which passes an instantaneous 
direct current obtained by making the circuit on tlie armature 
disks before described. If this instantaneous current occurs 
when the alternating current is zero, we will get no deflection of 
the instrument. If it occurs wlien the alternating current is 
maximum, we will get a maxi mum deflection, and in general, the 
deflection will he proportional to the instantaneous value of’the 
alternating current. The dynamometer used had a long period, 
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and was well damped, and we had no difficulty in reading even 
when the period of the armature current Ava« as inneli as one- 
qnarter second. 

If very efficient machines were to be tested, whore the period 
of the armature current is very large indeed, then some electrom¬ 
eter method or a telephone metliod would be used, or the 
deflection of a galvanometer needle in the field of tlie current 
could be easily photographed. 

The curves we have obtained are as follows: The electromo¬ 
tive force applied to tlie armature. Effective electromotive foi*ce 
of the armature. The counter elec.tromotive force of the arma¬ 
ture. The armature current. The value of Held electromotive 



Fiu. G. 

force and current for open and closed armature circuit. These 
for ratios of three to four and six to seven. 

"We also obtained the various currents and electromotive forces 
when the armature was held stationary, with and without resist¬ 
ance in the outside circuit. There are really thr(«j distiricd sets of 
curves: those relating to the three to four gearing, those for the 
;six to seven gearing, and those in which the armature was sta¬ 
tionary. The angular positions do not correspond for the fli-st 
two sets. For the second and third they very nearly correspond. 
This is due to the fact that we did not at first cleaiiy apjireciate 
the importance of permanently fixing the relative positions of 
the armatures of the two machines. Afterwards we ina<le marks 
on each armature, and if for any reason we took off the gearing, 
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we replaced it so these 
marks came opposite 
points whicli we fixed 
■on the frames of tlie two 
iiiacliines. It should 
also he remarked that 
the curves for the two 
sets of armature coils 
marked a and n should 
not in {jjeneral present 
the same irrc^gularities, 
as their relative j>(»si- 
tions with. res|)ect to 
the poles and the resul¬ 
tant field are different. 
The djnamo being a 
four-pole Tnachine, this 
jiinst be taken account 
of in calcnhitiiig the 
angles on the l>ase line. 
In Figs. and 4 the 
■contact positions should 
he multi {died by two. 
The length of an ar¬ 
mature curve in terms 
■of the positions of the 
dynamo brush should 
be ;hl0 X I = 720 in 
the ca.se of the three 
to four geailngs, and 
300 X 1 = 1,200 for 
the six to seven gear- 
ing.' 

We have not the 
«ame confidence in the 
results of the three to 
four gearings as for the 
six to seven gearing; 
the latter being taken 
for several sets of ob- 
, sorvations which eheck- 
-ed very well. 














1894.] 


DUNCAN ON TWO’PHASE MOTORS. 


627 


The curves of the applied electromotive force (curves v and vi, 
Fig. 3, and ii and vi, Fig.' 7) are obtained in the following manner: 
The armature was held stationary, while the field revolved at its 
normal rate. The reading of our electromotive force dynamom¬ 
eter then gave us a point on the electromotive force curve. 
The armature was then moved through a given angle while the 
brush on the dynamo disk was moved through an angle corres- 
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ponding to the ratio of gearing of the two machines. In this 
way another point was obtained on the curve. What we obtained 
was the electromotive force applied to the armature when there 
was no current flowing through it, and when the gearing was 
three to four or six to seven, according to the relative movement 
we gave the motor armature and the dynamo brush. It should 
be remarked that aU of the armature curves marked electromotive 
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force curves are obtained when the armature circuit is open, and 
therefore do not correspond to the actual condition of aifairS' 
when the armature is closed, as they do not contain the efEeets of 
armature reaction and self-induction. 

The effective electromotive force of the armature given in 
curves iii and iv, Fig. 3, and iii and iv, Fig. 7, were simply- 
measured by opening the armature circuit, and getting the poten- 


si8888aagssg 8aBBSSB8iBKgasaaB8aissBSS 

■BBBBBKKSSBBriBBBK&SSBriiBBBBiiiEiiL, 

■BBflBBBBlBBriBBBBBBBflUBflBBBBHillH 
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BBBBBBBBBBBBgBBBBBBBBBI 
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Fig. 10. 


tial difference on the motor terminals when the motor was geared 
to the dynamo with ratios six to seven and three to four. The 
difference bety^een these curves and the curves of impressed 
electromotive force, is the counter electromotive force, and is 
given by curves i and ii, Fig. 3, and i and iv, Fig. We 
could have obtained the counter electromotive force by supplying 
the fields with continuous currents whose ratio to one another 
would be that of the tyro-phase currents and varying the relative 
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values of these currents as we vary the point of contact of our 
instantaneous current. This would have been a laborious task 
and was not necessary. It was not possible to obtain these (juan- 
tities by direct observation when the armature circuit was closed, 
and when the machine was mnnin^ under normal conditions. 

In Fig. 4 is given the ai*mature current of the motor with a 
gearing of six to seven, and in Fig. 8, is ^ven the current when 



Pig..11, 


the gearing is three to four. If we compare these curves we will 
see that the current is more irregular with the higher efficiency 
than with the lower. Again comparing the curves of efEective 
electromotive force for the two gearings, we see again that the 
irregularity is greater with the higher efficiency. If we consider 
that the current would follow this curve of effective electromo¬ 
tive force, but for the armature reactions and self-induction we 
•can see that these effects have their good as well as evil ide 
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The effective electromotive force is of course the differeuce be¬ 
tween the applied and tlie counter electromotive forces, and if 
these are irregular, their difference becomes the more irregular as 
tliey are the more equal in value, that is, as tlie efficiency of the 
motor is higher ; so tliat while in this machine whose maximum 
armature etKciency was made about 87 per (font., the irregularity 
is consideiuble, it would be very much exaggerated in a larger 
motor whose armature eHiciency might h(« 07 per cent, or ffS per 
cent.; and in this case, great care should he taken to produce a 


perfect regular ffeld. 


The effect of the armature reaction and 


self-induction is to decrease these irregularities. 


If wo consider for a moment the theory of the two-phase 
motor, we will remember that the armature efficiency is theoret- 



respectively the miguhir velocities of the ii(3ld and tlie motor 
armature. We will also remoniber that the lag of the armature 
current behind the effective electromotive force is taken as 


ten a = (p- AI. 
r 

If we look at the curves, however, obtained with the motor 
experimented on, we will see that the armature current is irregu¬ 
lar, aud therefore the actual heating would be greater than that 
calculated from sine curves; that is, the armature efficiency is 
always less, and the drop in speed is always greater than the 
theoretical value, and may be very much Joss if tlie armature 
current is irregular. As baa been pointed out, this fluctuation in 
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the armature eurreiit would be exceedingly great if the aelf- 
induction and armature reaction of the motor did not tend to 
wipe it out. The effect of the self-induction being to damp the 
most, the waves of shorter period, that is, the irregularities. 

It seems to n.s that the most inijjortant curves we have obtained 
are those of applied ami counter electromotive forces elfeetive 
electromotive force, and tlie arjuature current, a’hey show at 
once the great importance of designing a machine wluise applied 
and counter electromotive forces are both sine curves, and the 
method may be easily used to experiment oiuictual maeliines and 
toiindoutif tliis condition is fulHIIed. Again the compaHson 
u olectnmmtivc force with no armature current, 

with the fall of potential due to the armature current, shows us 
that tl.ei'i) is lieiK'tidiiil cfct from Bolf-iml„ct,ioii in the 

armature. The lu-iiKupal riwiilts slimv tlint the Kpecial immliine 
does not tfivo ms ri\!,nilar eurreiit-s and olcetromotive fon-ca hut it 
is to_a larp^-e.xtoiit due to the f»t tliat in ti.ese small maeliines 
eonsiderations of eeommiy make it mumsary to wind the Held 

mils on spools instead of wimlino them thronj{h slots out in the 
nekl iron. 

In dosifriiing a motor to jrive ahsidntely r<!{;uhir uloetromotivo 
force curves we must take two thiiijrs into iicconut; The Held 
due to the d.vuamo current must he regular, and the armature 
winding must he such that it will ftive a msular electromotive 
force m a regular Held. To satisfy this eonditim, in tho Held 
Windings, projecting polc-piccos slionld certainly be avoided. 
To satisfy the condition in tlie armature, would require an iiiti- 
mte number of armature windings, but it can be practically satis- 
fiecl mtlie larger inacliinos with areaHonahle mimlior of windimns 
It must not he understo.Kl thut it is specially easy to acwraplkh 
this. bigs, r, mid fl give us the input of tho motor at frill load 
and with an open armature with a six to seven gearing. Fi<^H. 

9,10 and U show 1.1 lo field and armature electromotive forSiK 
and currents when the armature is stationary, and in one eiuse 
short-circmted, and in the other case has outside resistanee in its 
circuits, big. 12 gives in arbitrary units the induction through 

a coil wound around one of the pole-pieces, under the conditions 
stated. 


We do not wish to add to an already lengthy paper, a pro¬ 
longed disciission of the curves we have given, especially as we 
hope to be able to e.xperinicnt on a larger machine, the results 
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^ be of mucli greater importance; but we think 

cv le curves we have given show that the design of rotary 

1 ^ ^‘^quires careful experimental study and we believe 

.. la. SUL 1 a study may be easily made, even for machines of large 
vcai^acity. ^ j 6 


TVTt^ u,, , . Disodssion. 

to these Vrl-o^T'^ -—-Some time ago my attention; was also drawn 

espeoially when working with a single 

iivolv I nvn. where these irregularities were comparar 

tniinmil meansat my disposition to make instan- 

*“ I arriyed at the solution of the problem in a 

hoinewli.it <lifterent way, by theoretical reasoning, and I think my 
..suits agreed with ^ those" in the present paplk I found thS 
-liLho liighoi liarnionies superimposed upon the main wave of the 
aimature current are in reality not higher harmonies in the com- 
TiKin seiise (vt^ the word, bnt are due to the fact that the arma- 
ture current is a complex current produced by the superposition 
ot two currents of difierent frequencies. 

It in lui induetion motor of frequency the relative slip of 
nrnmturo IB denoted by that is, the difference of speed be- , 
tween annatiu^ and synchronism iTis XiTj, then in the armature 
will I’jjbiced two e. m. f.’s, one of the frequency of KN. the 
other ot the frequency (2~^ if. The relative Values of these 
K. M. K. 8 Will depend upon the construction of the motor, and in 
general the Bocoiid e. m. p., that of higher frequency, will be small 
compared with the e. m. f. of lower frequency. These e. m. f.’s 
pioduee currents of the saine frequency in the short-circuited 
arnuitiire; with the difference, however, that the current pro¬ 
duced by the e. m. p. of the higher frequency will he very much 
SI nailer, duo to the higher self-indnction produced by the higher 
tre<|ijency. Thus while the e. m. f. wave of the armature may 
.sliow the effect of the superposed higher frequency very mark- 
current wave will show it in a greatly reduced manner. 
This Ih very nicely borne out by the curves shown in the paper. 

I nwiy add that the relative proportion of the two waves 
depcnd.s upon tlie ratio of K to 2—^, and thus consequently 
'With tins reduction of -ff, that is, with the closer approach of the 
motor to synchronism, these higher harmonics will more and 
more disappear. 

The conditions under which tests were made, do not quite rep- 
re.sent actual worhing conditions of the induction motor, since m 
actual work, tlio slip, that is, the value of JT, is usually consider¬ 
ably lesB than in these tests, so that the higher harmonics of cur¬ 
rent will be less in practical operation. 

Mk. 0. F. fcsooTT: —I have been very much interested in Dr. 
Duncan’s method, especially as I had tbe opportunity of seeing 
the apparatus and his collection of dynamometers for making all 
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the measurements siranltaneonslv. The small variation in the 
curves are in tlie form of higher harmonics which result from the 
construction of the motor itself. We are apt in tliese the«>retical 
discussions to leave out the beai'ing of the exact form and con¬ 
struction of the apparatus. The assumption, for instance, which 
has been made that the wave form given by a smooth core 
armature is necessarijy a sine-wave is not a correct deduction, 
because the wave is of course due to the distribution of the mag¬ 
netic field and also the distribution of the winding, and it so 
happens that as machines are usually built, smooth core inacliines 
do give sine-waves very approximately. The statement has been 
made by Prof. Anthony that either the two-phase or the three- 
phwe combination should ^ive uniformly revolving fields, that is, 
fields in which the polar line revolves uniformly and retains a 
constant value. That again assumes a certain form of construe-' 
tion. If we were to use a machine of four distinct poles, as a 
i:wo-phase machine— 

Prof. Anthony: —I was assuming that the wave was a true 
sme-wave. 

Mr. ScoiT Very good. Let us take true sine-waves and put 
the two currents around the^poles of the four-pole motor. Then 
P^^hable that in the center of the space, the position which 
would be occupied by the shaft of the machine, we would get a 
uniformly revolving field, because there would lie two fields at 
right angles, varying according to the sine law. Put if wo con¬ 
sider a position at or near the ends of the polos, then we may 
have a coil which in moving will embrace the lines whicli come 
irom one circuit at one time, from both circuits together at 
^another time, and from the second circuit alone at another time. 
Iheretore we do not have the combination of the fields for botli 
•circuits at all times. For instance when one circuit is at its 
maximum strength, we may embrace all its lines in the coil and 
not begin to embrace any lines of the otlier circuit until a cer¬ 
tain time Jias elapsed, possibly corresponding to lb or 20 degrees, 
so that there will be a change in the induction through the coil! 
because one circuit has begun to decrease in its value before the 
other has begun to thread any of its lines through the coil. So 
.that even with true sine-waves we may not in actual machines, 
unless special attention is given to construction, produce the 
•efitects of a uniform revolving field. ^ 

T to the infiuence of harmonics in the rotating field, 

1 will have to differ from the statement wliicli was made that the 
field would be found to be uniform in its intensity although 
harmonies were present. Several years ago I was engaged in the 
testing of some motors, the first motors of the Tesla type, by tlio 
way which were used for commercial work. I had gone^over 

tested some preliminary expeiiiriental motors 
^nd thought 1 had everything covered with regard to the con- 
.struction of the motors. A number had been made and in the 
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test of the first one the motor had been carrying its load for an 
hour or more when I found an unduly high temperature. I 
found the speed had fallen from synchronism fully fifty per cent, 
more than it should have fallen, and the motor instead of coming 
up to a definite temperature kept going up on what was a rather 
straight line. I had a second generator started, and transferred 
the motor from the generator that had been running, to the new 
one. The speed immediately came to whaf it sliould be, and the- 
temperature began to fall, although tlie load was the same. The 
heating of the motor with one generator was equivalent to what 
would have been obtained by carrying half or two-thirds addi¬ 
tional load with the second generator. The second generator*, 
me good one, gave a curve wliich was approximately a sine-curve. 
Tlie other generator gave a wave form which was measured and 
found to be very much depressed at the middle, where the sine- 
curve is maximum, showing that the third harmonic was very 
strongly present. 

effect of the third harmonic in the rotating 
field shows some rather interesting relations. The third harmonic 
evidently tends to a synchronous speed which is three times as 
great as the fundamental, so that if we have present a third har¬ 
monic, we are tending of course to two speeds of rotation, the 
speed of the^ fundamental and one three times as fast. This 
mird harmonic, however, is negative in its tendency to rotation.. 
IJiat IS, the fundamental produces rotation in one direction, and 
the third harmonic not only tends to produce a different speedy 
but it is in the opposite direction. This can be very simply 
shown by drawing a sine-wave and its third harmonic, and also a 
second wave which is a quarter-phase from the first, together with 
Its harmonic. You will notice that if the first fundamental comes, 
before the second one, that the third harmonic of the first comes 
second one. Consequently the fundamentals 
tend to rota^on one way, and the third harmonics in the opposite 
different relative values of the two we miy get 
almost anything We may get normal rotation or no rotation at 

at normal speed in the opposite direction, or twice 
nomal speed or three times normal speed. 

i;e§ard to the higher harmonics in ordinary commercial 
working. It IS to be remembered that those which are produced by 
^on cores are produced in what may be called the leakage cui-rent 
around these cores, commonly transformer^jores, for 
thLK?f® “magnetizing that part of the apparatus; and that 

usually be but a small per cent, of 
that so-called leakage or magnetizing current. Again magnetiz¬ 
ing current in commercial apparatus is in gIneraTTut a 

current at full load, usuafly only a very 
effec?in tTp that the higher harmonics are only ^minor 

cent, of the fuilload current for which the apparatus is in general 
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designed, ilierefore we need not lie greatly afraid of the inflii- 
enco of those harmonics in producing trouble in commercial 
ciicuits. riiere are conditions and times when they must be 
carefully guarded against and profoundly respected. 

A beautiful and simple method of showing higlier harmonics 
was called to my attention not long ago by li. young man in our 
laboratory, and is wel worth considering. A thin imn plate (one 
about SIX uiche.s wide and IS or ‘iO inches long gave the best 
i-esult) 18 placed in an alternating Held sot up by current passiiiff 
through a coil, Tho familiar tone of the dynamo itself is licarcf 
If the plate be bent slightly, the sound changes. At iirst it is a 
sort of a general hum, but by bending, the dilferent harmonics are 
brought out and may i»redominate. The octave, and the third 
and so on, running iij) the scales give their dilTorciit musical 
tones very clearly and veiy purely, and liy ijulckly changing the 
plate you can run through the scale with almost the boSity and 
c carness ol: a musical instrument. It might he possible to take 
all these sounds which arc produced by ilic alternating current 
by iiains mine good remnmtoi- for giving all tlio tonea together! 
and tlion inok tlioin out and thus analyze tlio different iiarmonie^ 
by means of iicoustic ajiparatus. 

Mu. STKiNMim: It is indcod true that in in<lu<*.tiou motom we 
can ijfel' higher Iiarmoiu<t,M, hut I think the foremost iniprovenieiit 
111 the modern indiK’tioii motor, the imrirovement whieli'has 
made this motor ( lie engineering siiecess wliieli it now k was the 
e imniatioii ol the.s(i higher harmonies. If you take one of the 
old type of induction motors with four poles, two e.xeited liy the 
ciirreiitof one plia.se, and two by tin- current of the other phase 
then, when the one current is ma.ximuin, the other current 
IS zero, and its corresponding [loles are ]iructically dead. Thus 
the total Hux crosses through the air-gaii of (’me iiole. In 
the moment, however, when botli currents are einial, the (u-oss- 
section of the miignetic flu.x (‘oMsists of two air-gap.s. vSince the 
iiui^notic 1 uliictiUHM) couHistH oiily Hir roIiKttmicu * 

you see that in such a motor it will vary by nearly 50 per cent.’ 
and the result is that im matter whether you use a slue-wave of 
im]iressed k m. k. or not, you must get higher harmonics. This 
however, no longer applies to the present induction motor. ’ 
JNow With regard to the elfect of liiglier harmonica in an in- 
cluctton motor, I canuot agree with the generulitv of tlic statc- 
inout made by Mr. 8cott It is indeed true that i’u the (juarter- 
uhase iiiductiou motor whatever action is produced by the triple, 
harmonic, will be of tlie nature of a backward torque of triple 
frequency, tending to turn the rnotor in the oppiisito direction, 

its motion and reducing its efliciency. 
lias, liowever, does not apply to the three-phase induction 
inotior# 

Lot, in Mg. IH, he shown the three waves of a three-phase 
circuit, as I, 2, ♦*). i hen the trijile harmonic of I as shown by a 
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in Fig. 13 coincides with tlie triple liiirmoiih? of and 3, tliatnieaas 
■no matter wlietlier triple lianvionics are ]>reseiit or not, they can 
in a three-phase motor, never give a baekwanl torcpie, hut bal¬ 
ance each other while the motor is at rest. If tln^ motor is re¬ 
volving, these triple harmonics must give the same acdion as tlie 
cnrrent in a single phase motor, that is, eomhine to a tonpie in 
the direction of rotation. 


Thus to conclude, the triple harmonics will tend to turn a 
quarter phase motor backward, while in tin; three-phasc! motor, 
they will not have any effect at all, or will assist the fundamental 
wave, which induced me to ])refer the three-phase* sysknn to the 
quarter-phase system, altliongh 1 do not think that tins (*Hhct of 
the triple harmonic is sufticiently serious in a i)ro|»eiiy designed 
motor to cause, even in quarter phase motors supplie<l from iron¬ 
clad generator, any serious reduction of output <tr etHciency. 


0) <a) OJ) 



De. Pcfpin :—In repl;^ to Mr. 8(50tt’fl remark I wish to state 
that in a rotary mafjnetic field tiie intensity pnicticaily remains 
constant under conditions specified in my paper. Tliestj condi¬ 
tions correspond to practical conditions, when tliere is no poly¬ 
phase motor on the circuit. It would injver do to exterpolato and 
guess what would happen under some other conditions. J stated 
mthe conclusion of my paper that rotary magnetic lields pro¬ 
duced by reasonably well constructed machines are not accom¬ 
panied by fluctuations in their intensity. What I mean hy a 
reasonably well constructed machine is simply a machine wliich 
produces an electromotive force that may bo a complex har¬ 
monic; but the upper harmonics are weak in comparison with 
the fundamental. In the particular machine that my students 
experirnented with, there were upper harmonics, there were tlio 
third, the fifth, the seventh and even the ninth, but tlie rotary 
magnetic field was nevertheless of constant intensity. As soon 
as we depart from conditions met with in practice, wo can, 
it ^ wish, introduce all sorts of complications as in the case de¬ 
scribed by Mr. Scott, where the generator had a very strong third 
li^momc. I do not think that Mr. Scott can produce that 
pbe^menon by any reasonably well constructed machine which 
tne Westmghouse company is putting on the market. 
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The PKKSiDifiNT: If tliere is no further discussion on this 
paper, the becretary wislies me to make a statement. 

It is probably apparent to you that this meeting has had the 
largest attendance and the uiost continuous interest in the various 
sessions ot any genei-al meeting we liave ever had. It gratifies 

me, both as your I resident and as a resident of Philadelphia, that 
this 18 true. ^ ’ 

1 he report of the Oominittee a[)poiiited to prepare a series of 
resolutions expressing the thanks of the Institute for courtesies 

^ Mr. Biriney, Ohairman of the Committee, reported the follow¬ 
ing resolutions:— '■ 

Whm>m, hptJii Uio ocuHsimi of llio ToiiMi Anninii'.sjiiy of |;lio Amebican Insti- 
•?' 1 Knoinkkhs, and duriutf the period of the ettuvontion held 

at. I liiladelpliia, May 15t;h to May 18tli, 1894, tlio .iNSTn’OTU and its members 
severally have received in all liianuer of ways the uu»st i^rati/yiim lujspitality 
and ov(!rwludmmj' courtesies; and o j j 

it is the sense <d‘ this mooting tliat tho Ikstitutk is doeply apprecia¬ 
tive and gratefnl Ihond'or ; now, t.lnjrcforu, be it * ^ J i 

that a {Joinmitteo of tiiroe be ai.pointod to prepare and present to 
tlioso from wdium such remarkablo kindnesses have cuino, letters of thanks in 
the name of th(> iNsriTu-rE. and aceompaui<Ml by a copy of this resolution : and 
bo it further 

that it is gi-eatly rcgivtUul that the busin.iss of this convention and 
the necessary liniitatiori of time havt; in some instances prcveiitoU the Institute 
■ from uceopting ofiered favors. 

[Tho resolutions were adopted.] 

It was thmi yotod that a proposed paper on “ Reactance,” by 
Mr. Charles I. btommetE and Dr. Prcderick Bedell, be accepted 
as read by title at this meptiiig, subject to the approval of the 
Committee on l^apors. Meetings and ilditing. 

The general meeting then adjourned, 

Smooth and Tootukd Coke A.um:atukk.s, 
f rtoply to Disoimsion, by A. D, Adams, sec page 406 et tteq.] 

The stateinoiit that “In order to allow for the waste an nature- 
field duo to this core-leakage, tlie exciting power has to be in- 
cre^ed in about the Kaine degriie as the lesseniiig of tho mag¬ 
netic resistamse of the air-ga}> would otherwise doerease it” sooms 
to bo entirely at variance with the known facts. 

^ There is some leakage from tooth to tooth, the amount var}’’- 
ing with the type, hut a toothed armature can readily he so dc- 
ggned that with given number of armature inductors and given 
held nuignet, tlie ampere-turns required on hold magnet forgiven 
speed, are much less than when a smooth core armature is used: 
in fact the question usually is, how far tho ampere-turns on field 
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may be reduced, and excessive sparking avoided. It is no doubt 
possible to build generators with either toothed or smooth core 
armatures, that will not spark under extreme changes of load 
with the brushes in one position, but it is not hard to find many 
of both types in operation which do not meet this condition. The 
-.45-inch air-gap from iron to iron, cited as an example of what 
may be done in a smooth core armature machine of about 80 k.w. 
would not of course remain the same in similar machines of 
several hundred k. w. capacity. As the total energy used in 
field winding of even smooth core armature machines of 100 k . 
w. or more capacity is usually not more than 1^ per cent, it 
is hardly possible that a “ very much higher efficiency ” can be 
obtained by the use of toothed armatures in such machines. 

The main question for which answer was souglit in my paper 
is whether the same results can be obtained in bipolai' machines, 
more cheaply with toothed or smooth core armatures. To those 
engaged in the manufacture of these machines as a money mak¬ 
ing enterprise, the ansv^er to this question is much more than a 
mere matter of taste. The toothed armature for the same capac¬ 
ity must cost more, for while about the same amount of copper, 
and only a little more iron are required, the additional labor to 
form the teeth, and cost of tools for same, is a considerable item. 
Unless the toothed amature can effect some sa\'iTig in other parts 
of these machines to offset its own greater cost, the smooth core 
will have the preference. 

In machines under 10 k.w., at about 1500 revolutions per min¬ 
ute, the air space requii'ed by winding and clearance is usually 
greater than that necessary for sparkless operation, and the sav¬ 
ing in metal of field core and winding will probably more than 
offset the greater cost of toothed armatures in these machines. In 
bipolar dynamos of 20 k. w. or more capacity, at 1200 to 1500 
revolutions per minute, the air space require(i for winding and 
clearance is usually less than that necessary for sparkless opera¬ 
tion. Grood builders in this country and llurope are in the main 
using smooth core armatures in medium and large bipolar dyna¬ 
mos and we can hardly expect to see this practice reversed u nl e s s 
some means not now in use is provided to jiroduce sparkless com¬ 
mutation. 

Troy, N. Y., Oct. 8d, 1894. 
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U. 11 I.. .I Sl,al.‘saiid has Ih-si.Ios inai.y W(*ll known ol.H.trioians of uUht fnunirios 
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Wfmrem, tlmse units ami stamlanls have reeeiv,-,! the hearty approval ,if elec- 
trician.s in all parts of the worhl, ^ Hlijuovai ,n cicc- 

Jf7,m/w.,b« itr,-s,dv,.,l by the Ameriean Institute of Eleetrmanfingineers 
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A paper presented at the I£iez>enth Generai Meet' 
tng of the American Institute of Electrical 
Engineers^ Philadelphia^ May iSth^ tS()4, Presi¬ 
dent Houston in the Chair. 


REACTANCE. 


BY CPIABLES TROTEUS STBINMET/. ANJ) ERKDEUieiv HErUCLL. 


The term “reactaiiee,'” wliieli has l)ooii iiHodand advuc«ited hj 
the writers and others, and which has Ijcen officially adopted at 
onr suggestion by the Amkbioan Institute ok Eliwjtrioal En¬ 
gineers at its Philadelphia nieeting, is one which assunies partic¬ 
ular importance now that the term “ inductance ” is defined m 
synonymous with the “coefficient of self-induction,” usually 
symbolized by the letter “ A.” lieactancc is similar in many 
respects to resistance, but the electromotive. f<»rce used in over¬ 
coming reactance consumes no power, for it is at right angles to 
the current. 


The impressed electromotive for<*e in an alternating current 
circuit may be divided into two compouuiits: First, the 
eM'omotwe force in thii direction of the current, and, second, 
the 9'eaotwe eleat/ivmotm) J^orci) iti (juadrature with the current 
to overcome the reactance. Tlie rtaictive tshsctroinotive force is 
the product of the current and the rcjactance. 77w reimU'thce 4, 
aocordingly, equal to the emqitmeut of the iiupremul eketronuh 
twe fopoe at Tight angles to the auvTent, (Hnided l>y the nurTent. 
Reactance is measured in ohms. 


The reactive electromotive force in the cir<iuit may be due to 
self or mutual induction, to cajiacity or to some outside counter 
electromotive force produced by a motor or other dcviije. In 
general, in any alternating current circuit, 


1 . This term was first suggesttul by M Hospitalier (swj U Indmtrie, RUctHqm, 
May 10, I89d,) luicl F«Po»ed olllcially (siu* imutm, Juno, 1803,) by the 
committee appointed by the Sooiet6 hitorntttioimli) «ios Klocl riciens to consider 
|ho Congress proposals of this iNS-mui'is. (Sou Tuans actions, vol., x., p. 413 .) 

"'PPJ'eoiation of the pruiseworthy efforts of 
Prof. Hospitaller and the Societe Inturnatioiiale in tiiuir advocacy of this and 
other conventions of nomenclature. 
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Impr^ed .. h. .. = .^/====q-^=_ 

si£ 5 ~—~-==i 


tan <? = 


reactance 
resistance * 


f 1-*^"* 18«8 behind the eleotromotiye. 
force when d is ^sitire, the enrrent is in adyanoe of the eieo- 

f“r, JtXr- instantaneonst:.ntr. 

or 4 =/sin (ai < + d), 


A _ Impress ed e. m. p. . ( . a 

— am j tat— arc tan I. 

A few illustrations of particular cases will make the use of the 
term r^anee more clear. For simplicity in thesTirstatiye 
^amples, we will consider that no iron if embraced by“! 

arci^ Oo^inff R^mtmce and. Induct 
eircnit containing resistance and non-ferric inductance, the reht. 
imce IS equal to / «.; that is, it is 2 »r times the product of the 

instance and frequency. The impedance being L y^lfslt 

of the resistance and reactance, is in this case ® 

Impedance = jji 

where w = 2 w x frequency. In this case au’the power is used' 

eq:T;narr:ro«fe^fo?r*i 

“inr “ “-'^i-^omotif: ft: 

Impressed n. m. r. = \/rower s. h. s‘ + ESiUve irirnrn; 

Impressed B. M, F. =/\/i>iunio s. m. s.' + 

The impressed eleotromotiye force in this case is the rector n,,.... 
i’ndnct^*^““^''® *° orercome resistance and 


arc tan 


reactance 
resistance 
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A consideration of Figs. 1 and 2 (in whicli positive direction 
is counter clockwise) will show that the reactance and reactive 
■electromotive force are posltlm in the case of a circuit contain¬ 
ing inductance. The impressed electromotive force which i.s the 
snm of tlie two, is, tlierefore, in advance of the current, whieli 
is in the same direction as the power or olimie electromotive force. 
The current is indicated by a closed arrow in the figures. Tlie 
same, however, may be otherwise e.x pressed if we take the im¬ 
pressed electromotive force as our direction of reference, l)y say¬ 
ing that the ourrmf lays hehind the electromotive force by the 
:angle which angle is negative, therefore, f(»r circuits with in¬ 
ductance according to the relation 

a r<!ael;iuuH> L m 


tan B 


ntacbuuto 

resisiaiict! 




'i/ Is 


/\ 
/ r. 




Fio. 1. 


^ -A 

V i'>v 

Wt®* v\ 


3. 


The value of the current at any instant is given by the equation 

i =Z (o)t - Ul’C tRIl 

via^ H- D (t>^ \ H } 

Omnuts Oontainmy Resistance and Oajmalty .—In sucli cir¬ 
cuits the reactance is equal to — — , where (J rzz capacity, and 

6 (0 ^ 

= 2 TT X frequency, that is, it is negative. The reactive elec¬ 
tromotive force is also negative, being e(pial to — This 

O io 

negative reactance gives a positive value to the angle d, and the 
current is accordingly in advance of the electromotive force. 
"We have then 

Impedance = 

y ^ 6« la 


tan B = 


mctance 

resistahcii 


Glimy 
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similaf to the correspoading eqoatione above. The instantaneous 
value of the current is given by the equation 



These relations are shown in Figs. 3 and 4. They assume the 
absence of dielectric hysteresis. 

Oiromts Containing Resistance, Inductance and Capacity.— 
In a circuit containing inductance and capacity the reactive eiec- 
troniotive force is the sum of the inductive electromotive force 
and the condenser electromotive force; where tlie inductance is 

non-ferric and dielectric hysteresis] absent, this is, L co I _ ^ 

O<o 

The reactance is similarly the sum of two terms L to _ ^ . 

' G 



Fig. 8, 4 


ftn^ the a-^ta,noe .8 positive or negative, aocording to whetlier 
the mdnotive electromotive force is greater or less ihan the coT- 
denser dectromotive force. Whether the cnrrent is beliind or 

tan ^ =_ 1 ‘eactance _ 1 X (O 

resistance Q ^ -y 


The value^of the qurrent at any instant is 



I o> ^+arctan 


1 



^ The diagrams in Figs. 6 and 6 illustrate the case of a simrle 
circuit contaimng resistance, inductance and capacity In fhe 
^ here repre^nte^ the condenser electromotive force is greater 

5 ^Uvan^' ~ isf there- 




644 


8TEINMETZ AND BEDELL ON BE ACT AN QE. [May 18, 

Circuits Containing Mutual Induction. —I’o furtlier ex¬ 
emplify the use of the term reactance, let us consider a circuit 
containing a transformer. Besides the electromotive forces 
already discussed, we must consider the back electromotive force 
due to the influence of the secondary upon the primary circuit. 
This may be resolved into two components, one in the same di¬ 
rection as the current, and the other in quadrature with it, which 
will form part of the power electromotive and reactive electro¬ 
motive forces, respectively. The electromotive force introduced 
by a motor is treated in the same way. 

These illustrations will suffice to show the method by which 
any electromotive force in a circuit is resolved into two compo¬ 
nents, one in the direction of the current, which, therefore, trans¬ 
mits power, and the other at right angles to the current, which 
represents no power, but simply overcomes the reactance. 



It is to be borne in mind that the terms here given may be 
used in all alternating current circuits, whether the current is 
harmonic or not; for, when the current is not strictly harmonic, 
we may consider it equivalent to an harmonic current. The 
equiyalmt harmonic current and equivalent harmonic electro¬ 
motive force have the same square root of mean square values 
as the actual current electromotive force, and have such relative 
phase positions that the same power is transmitted. 


APPENDIX. 


The Demnition oe Peactanoe. 

[Communicated by the authors, October 81, 1894 ] 

At the PMladelphia meeting of the Amerioakt Institute op 
.^EOTR ioAL Engineers, May, 1894, the name “ reactance ” was 
officially adopted by the Institute and deflned in accordance 
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moi; -Printed in 

was iinaTiiinous and its cloHiiition has wlfi ^ Institute 
Objection to it, liowever, lias been raised approval, 

communicated to a French neriodiml %;!!/ article* recently 
with the ar^^mnents forwarded in tht^irtiele^i>'''^M?^^^ 

for us to state our views thereon! P^^ee 

The definition of reactance adonted hv+lio a« t 

TUTEOIP Ei.ifiCTKiOAL Enoineeus is:^ ^ ^ American Insti- 

aii^SrS!::«^ force at right 

reM:Le“::.^t'So,i by Ir^n^TwL™ ^‘*"”*r* 
includes all wattless e m 

wnoit;, polariaition or oonutei'' k. m. f of a«y\i “d 
chronous motors, and excludes ^ 

be intmdurod I.y u.oto.'s, taineformem; bysterZ” 0“^“’ '™"“ 

i.osmo:l’Oaii;; l'"?un:?vv" » 

(2.) It should always bo defined by the equation 

./=. . .. 

Whore: / = current; 

= olimic resistance; 
electromotive force; 

/o \ r. reactance. 

(d.) r or hannonio currents 

A^=^Z~.X; 

C'oj’ 


Where: L =: self-inductance; 
0 = capacity; 

= -^i' = pulsation. 


whonTevor Ld n » 1 “'“itnnte <>f ‘he circuit, and 

.Si'; isssrs.'s')*. "■ ■‘i*'— '»». 

^•4«rsq.r ni^r:z-j,uiwt';^. 
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position tHkoii by this writer. We have, however, come to the 
conclusion that his doiiiiition is not tiuiable, but is contradictory 
for the following reasons: 

(1.) ]Meither in the one nor in the other <le1initionis“reaet- 
mice ” a constant of the circuit, excejit in circuits c(»ntainint>‘tio 
iron. In reality, circuits ncai’iy always contain iron, and in Sieh 
circuits the reactance can he considered as ap|uoxiniately con¬ 
stant only in a very linnte<l ninge. When extended over a 
greatej* range of li. it. k. or of onrrent, the self-inductance, and 
tliUB the reactance, varies, The same appli(‘s to most of the otlier 
quantities ending in “ ance,” as iinjKjdance, reluctance, and per¬ 
meance, and thus tlie statement that (|uantities in “ance” should 
be constants of the circuit, is against the adoittcd i)ractice and not 
fulfilled by cither detinition. 

(2.) Where iron is present, the statement for harmonic currents 

A'== w L — L 

0 O) 

contradicts the detinition of A' by the equation 

7 = ‘ 

A'"’ 

/j* being taken as the obmi(5 resistance and A' as reactance. This 
is due to the i)resence of hysteresis. 'I'hese relations do hold in 
the absence ol iron, aiul siudi (jases wert^ taken by us in ourpaiier 
to illustrate the detinition for simple casi's; the hindainental deti¬ 
nition, however, should in our oninion be sutticiently general to 
include circuits with iron. Clonsider an harmonic current Mowing 
in a circuit embracing iron; for simplicity assume capacity 
absent. The last equation would not give any direct relation 
between the inductance an<l rea<‘tance, smdi as uMuild be obtained 
from the Cfpiation just preceding, but would make reactance still 
a more complex quantity, by including therein not only the 
ettect ot self-induction but that of hysteresis as well. Further¬ 
more, it would lead to the result that the reactive k. m. v. is not 
wattless, but includes an energy c.oiuponent, an iileaiiuiteforeign 
to the term, 

^ Those considerations obliged us to discard any indirect defini¬ 
tion of reactance b;>^ means of tlio tesrm inductance, and to adopt 
the more direct dehnition analogous to tlio definition of resistance. 

1 he definition of resistance is Ohm’s law : 

' . 

wliore A’ and / represent an unvarying k. m. f. and current, re¬ 
spectively.' 

Oousidoring and / as an harmonic electromotive force and 
an harmonic current—or in tlie case of alternating quantities 
which are not simple harmonics, as their equivalent hanhouic 
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"v-allies, that is, values i 

and equal power—the square root of lueau square value 

I>edance: equation gives the definftion of im- 

Impedance = ^ 

Our proposed defintfiVv,, m . 

n for reactance is analogously written : 


lieactauee = 


reactive S 


Further, we may define ^ . 

l>;y tlie expression * apparent resistance of tlie circuit 

Apparent i-esistance = 

Cii the absence of exnpn/iv‘fv.,.^ £ ., , 

ductor. this quautitv coincidps ® 

Tliese quantities" are thnf 4 Ae true ohmie resistance, 

n aimer. How far ®‘‘ aireotly, and in a uniform 

iepeiid.s upon the oircunist 9 ii/.oi.! constants of the cironit 

^edanco ilopeud upon the fre^ae’nov. reactance and im- 

^Xr^pliW “-ting the Signiiieanee of" 

atmo“ ’fXC^V^nl/bTti.e'S “ 

uctaiico, and capLity but T® 

‘is ‘t's' -“M'SiCitti'sis;’ 

by It “apparent resistance,” or by^mrsrSteteim 

ir^ ‘r,T-K ‘'It ■•^g^oerali to indnde i^e conn- 

M. r<. s., It may well be distinguished by the denotation, 
equivalent reactance.” & V ‘-“e aenotatiou 

whot'lLr‘''® "“‘y compo- 

®’- s or currents are resolved. Eeactance 

ti rr be associated with that whioh rep- 

^lit axi^les to the current and the reactive current rtho wauiaco 

iTeSS if:;«f ‘“*0^ M.r wSlf^eT^^ 

iipon the problem in hand • each 
t^teT^ advantages. If we resolve the current, we may 

.(Adniittance)** = (conductance)* + (susceptance)*, 

Tlie‘i is in contradistinction to the tru^ 

term ifword apparent is the best one for generalS 
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for a simple case; in general, for conductance and siisceptance 
"we should write apparent conductance and apparent suscep- 
fance. ^ Admittance, conductance and susceptance are tlius used 
.as the inverse correspondents of impedance, resistance and reac¬ 
tance, and may be added as vector quantities. Many alternating 
current problems are much simplified by this treatment. It is 
important, however, to employ components which are at riglit 
angles to each other, and for this reason the definition of the 
Amebioait Institute of Electrical Enqinbeks seems preferable 
It is in this point that the definition is fundamentally different 
from that of the French writer already referred to. In the 
absence of hysteresis losses, the definitions would be the same, 
applying the term equivalent reactance to the case where counter 
E. M. F.’s other than those due to capacity and self-induction, are 
|>resent. To conclude, then, we may say that in the absence of 
iion we may define reactance in terms of inductance and capacity 
as this writer has done, and as has been done by us in the illnstra- 
tive examples in our paper; the fundamental definition, however, 
:Should, m our opinion, remain in the general form adopted by 
•the American Institute of Electrical Engineers. 

In a note to our original paper, we have called attention to the 

reactance by M. Hospitaller in May, 
1893 and the recommendation of the committee appointed by 
the Soci4t4 Internationale des Electriciens to consider the pro¬ 
gramme for the Chicago Congress, 1893. The term is a happy 
one ; it is international, and uniformity in its use is to be desired. 

u definition for “reactance” is that 

adopted by the American Institute of ELEorRioAL Engineers. 
in this, as m all matters, there is however room for difference of 
opinion. The reasons for thus defining the term have not before 
been pubhslied, but we believe that when they are duly considered, 
the action of the Institute will meet with international approval. 

October 81, 1894. 


[Communicated by Prof. H. J. Ktan, November 21st, 1894.] 

defimtion of “reactance” as put forth by the authors 
+v we learned to use alternate currents first 

this relation between the constant properties of a circuit, the 

Ss law: understood instead of 


Impedance = 


T 


Experience would next have taught us that this impedance re- 
.lahon is made up of two fundamental component relations • the 
one IS a power relation, and the other, a wattless relation ' b2 
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cause of our early familiarity with direot i 

long ago to write the power relation as: learned 

Kesistance = 

I ’ 


and, now, if wo accept this definition of “ raachmon ’ +i.. i 
and equally important comnonent fi.r! • f the second 
take the same silnpi; ""!>«*“>«<! law will 

Reactaneo = 

/ 
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Maybhofeh, Jos. Cari. Electrical Ei^ineer, Jos. Wetzler. 

16o West 8 M Street, T. 0. Martin. 

^ York City. G- M Phelns 

OUDIN, Maurice Electrical Engineer, C. P. Steininetz; 

General Electric Co., A. L. Eohrer.. 

oelienectady, N. Y. H 6 

Plumb, Charles Proprietor and Electrician, The E. E. Phillips’ 

ChM. Plumb Electrical Works, p p Litt^’ 
o , 89 Brie St., Buffalo, KY. Jo^hSimh? 

ScHEiBLB, Albert Secretary and A.ssistant, with Geo. Cutter 

George Cutter, 48G North Park Fred. DeLaiid* 
Ave., Chicago, III. 

Stearns, Joel W., Jr, Treasurer, a*M pi i * 

M„„„tni„EI^WcCo., ASfe' 

Cl ^ 1545, Denver, Col. E. J Houston 

Stephens, George General Superintendent, Canadian H. T Hartman* 

-WmA»D,P.m,A.N. M,d Superintendent. R a 

Teansfeered from Associate to Full Membership. 
Approved by Board of Examiners, March 20 tli, 1894. 


Albright, H. Fleetwood Electrical Engineer, Western Electric Co., Chicago,. 

Daniell, Francis G. Conn ^^'’’ W- R- R- Co., New 

Dunn, Gano S. Electrical Engineer, of the Crocker-Wheeler Electric 

Co.. Ampere, E. Orange, N. J. 

Haskins, Caryl D. General Electric Co., Boston Mass. 

Holmes, Franklin S. Electrical Engineer, with C. H. Davis, [120 Broad- 

MAKsmEu,. Arthur Nrwhau. Actant Electrician, American Tclcphcne and 

■Maver, Grorgk M. 1306 Polk Syrian K^inctoyS.'^''’'' 

moor., D. McParuah Co.. 44 Br^d 

SKRA,nANiM, w. Of Electrical Enginearing and 

o„ TT University of III., Champaign. HI. * 

Spaulding, Hollon C. p. o. Box 454 Exeter, N. H 

STRVRHa, W. Lr Gohtr Pro^„ of P^hyrica, Rensaelacr Polytechnic Instl- 

Wait. Henry H. AMtom^Electrtcal Engineer, Western Electric Co., 

Warner, Eenest P. Electrical Engineer, Weaem Electric Co., Chicago. 


Waterman, F. N. 

Wirt, Charles 
•Total 15 . • • ’ 


Electrical Engineer, Westinghouse Electric and Mfg 
Co., 120 Broadway, New York City. 

Consulting Enmneer, and Proprietor The Wirt La¬ 
boratory, 56 Fifth Ave., Chicago. Ill. 



THE AMEKIOAH INSTITUTE OF ELEOTEIOAL 

ENGINEERS. 


New York, September 19, 1894. 

Institute was held this date at 12 
West 31st Street, and was called to order at 8:20 p. m. by Vice- 
President Crocker. 

^ The Chairman (Vice-President Crocker)The first business 
IS the reading of the names of the associate members elected by 
the Council this afternoon. ^ 

The Secretary read the list, as follows 

•D n Address. Endorsed by. 

Baker. Oeo. 0 .. Wi Superintendent Gener^ J. 0 . Bennett. 

Meetxie Oo., 44BroadSt. j resi- D. MeF. Moore, 
dence. 450 W. 28rd St., New W. G. Whitmore. 
York City. 

Berg, Ernst Julios. , Engineer, General Electric Co.; 0. P. Steinmetz 

residence, 540 Liberty St., H. M. Hobart. 
Schenectady, N. T. jg, q., Heist 

Blanchard, Charles M., 714 Girard Building,'Philadel- B, J. Houston' 

phia. Pa.; residence, 4566 E. G. WiUyoung. 
-nr ^^’nasKiAve., Germantowu,Pa. A. B. Keunelly. 

oiLEAU, Willard E. Superintendent and Electrician,« A. M. Schoen 

Brush Electric Light & Power A. E. Woi-swick. 
T? n A Oo., Columbus, Ga. Ralph W. Pope. 

RADY, JL. D. A. , Consulting and ConstructingEn- H. Ward Leonard. 

gineer^ Lock P. 0. Box 133, P. A. Pattison. 

T> ™ Waterbury, Conn. -Ralph W Pone 

ROWN, Edward D., District Inspector, American Tele- P. A. Pickemell. 

phone and Teleeraoh Co . 1ft 0- A 


Berg, Ernst Julius, 
Blanchard, Charles M., 
Boileau, Willard E. 
Brady, E. D. A., 

Brown, Edward D., 


S hone and Telegr^h Co,, 
brtlandt St., New Y^ork Cifr 


icanTele- P. A. Pickemell. 
ih Co,, 18 G. A. Damilton. 
ork City; A. N. Mansfield. 


Mansfield. 

residence, 76 Hicks St., Broolc- 
lyn, N. Y. 

HASE, Harvey Stuart, Electrical and Mechanical Engi- H. Ward Leonard. 

Y?rk cfty S. Vance. 

CoMPAGNiE, George Bounb, Chfef EnginLr, Antwerp Hydro- Sh 

Electric Supply Co , Ralph'W.’ Popt 

Crews J W tw Antwerp, Belgium, Q-. Sacco Albanese. 

lrews,J.W., Manager, Southern Bell Tele- C. B. McCluei’. 

phone Exchange, Norfolk, Va. E. W. TraEord. 
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I'itlisnn Eleetrie iJghi, Oo ’ 
»OJIVValnul,.S(,.;re.sldc^ i & w p 
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FuIaIaEh, kuANK (I., SaleHinan \vil,li W. H. T5ri.xov 
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Gehson, Louis .Tay, Pre.«.ident, Tlu? Gei-son Elce- 

neul Co .lacKi Walnut Si;., 
n Plnlailelidna, Pa. 

Qhissinukh, EiaWood Ahisthmss, EliKdrical Engineer, 

Meehanie.shnrg, Pa. 

Hollbhith, IIkhman, Wasliington, 1). f). 


HuBIiKV, G. WlLHUB, 


Ijouisvillo 

J'ile(3l.ric Light Co., 

Loul.sville, Ky. 
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La Roche, Fheu. A., Presiilent a.'.ll m!!.!!!. t.. 
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L. B. .Stillwoll, 
Alex. J. Wurks. 
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MkDINA, h’jlANK 
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POTTHH, HkNRY NoEI., 
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Elcclrician, Patnlic Posial Tclc- 
fjra.|ili (!(». 531 Market. SI.., 

San Francisco, (!al. 

Sccrcliury and Treasn^fr, EIcc- 
triml insla1la.(.ion (!o., Monad- 
no(^k Hnildini^, Chi(!ay:o, 111, 

Elccl.rician, Lalmralory of Wcsl,- 
inji:honsc Electric and Mfff. 
Co., Pitlshurjr, Pa. 

Editor the. EleHriml Redew, 13 
Park Itow, New York (Jitv; 
re-sidenco, 323 (larfield Place, 
llrooklyn, N. Y. 

Electrician, lUshon Giitta Percha 
( V.., .120 E. 35th St.. N. Y. {!ity; 
residence, 88 N. Dili St., New¬ 
ark, N. .1. 


F. F. Barhoui'. 
C. Ij. Gory, 
•T. A. Lij^hthipo. 
'P. C, Martin. 
Gilbert Wilkes. 
Jos. Wetxler. 
11. B. Owens. 
E. ({. Willyoung. 

E. J. Houston. 
0. A. Ilaniilton. 
0. M. Phelps. 
It. W. Pope, 

W. E. (leyor. 
Of. A. Hamilton. 
H. j\. Rood. 


llionAHii.soN, rtonmn'E., Electrkad Engine<}r, TMerce & It. H. Pierce 

Richardson, 3827 l'’ore.st Ave., B. J. Arnold! 

Chieag(», Ill. Kdw. Caldwell. 

Ko«Ea'r.s, Wm. II,, Assistant J‘lngine(‘r, South Cov- J. A. Cnliot* 

ington and t’incinnali Street T, J. OJrcaghead. 
Railway Co., 15 Harrison St., A. L. Searlus. 
Cincinnati, O, 


Itojj.EH, John E., 

Roweani), Ahtiiiju John, 

SiiiKHns, W. J., 

Sr.Ai>K, Artiiur j., 

Smith, Frank E., 
Stkvkns, j. Franklin, 

Tait, Frank M., 
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Pi*«f«!Ssor of l<llectri«!al Engineer- H. S. Ilering, 
ing, Drexel Institute; re.si- E. J, Houston, 

donee, 4007 I’owelbni Ave,, Louis Duncan. 
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Profeasor of Electrical Enginian'- E. L. Nichols, 
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Student Elofttrical Engineering, P. B. Crocker. 
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I»IW (lii-eetly to t.lic i-eiidiiiLr of tli„ '''’I' 


Tiowopontor<liscnwion,if tliere art; iMnnv i ® is 

on it. The subject is ratlier in tlie lii.e'lw he made np- 

nevortheless of’ considenilile mnetlfjil i hut is 

condensm-s arc cHiiniT mot 

with altoniatin^- current ajijiaratiis. oonnectiou 




A paper presented at the 8 i)ih Meeting of the 
American Institute of Electrical Engineers, 
New York, Vice-President Crocker in the 
Chair, Chicago, Professor Stine in the Chair, 
September i^th, iSq4, 


A STUDY OF THE EESIDUAL OHAEOES OF OON- 
DENSEES, AHD THEIE DEPEJS DEHOE UPOH 
TEMPEEATUEE. 


BT PEEDEEIOZ BEDELL, PH.D., AND GAEL KINSLEY, A.B., M.E. 


■When a condenser is subjected to a difference of potential for 
some time, part of the charge received is absorbed by the di¬ 
electric and a part remains upon the surface of the condenser 
plates.^ This latter part becomes discharged when the terminals 
of the condenser are connected together through a conducting 
circuit, and the condenser appears to be in a perfectly neutral 
condition. The absorbed charge, however, still remains in the 
condenser and will gradually come to the surface in the form of 
a residual charge of the same sign as before. If this be dis¬ 
charged, and the condenser be allowed to stand insulated, a 
second residual charge wffl collect in the same way as the first. 
A series of residual charges with rapidly diminishing values may 
thus be formed. Therefore, the condition of a condenser is de¬ 
pendent upon its past charges, some of which may have been 
held by the dielectric for weeks or even months before appear¬ 
ing upon the surface; a former charge of one sign may entirely 
neutralize a subsequent charge of opposite sign and smaller 
value. It has been justly said that the past history of a con¬ 
denser miwt be known before it can be trusted. 

The object of the present investigation was to determine this 


^1. The part absorbed depends directly upon the duration of the time ef 

surface is practically independent of *the 
charge, for the condensers used in the present investigation This 
investigation by MesSrs. W. M. Craft and H B 
showed the flret discharge, as measured by the throw of a 
Spllistio galvanometer, to be independent of the length of charge. 
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soaking-in effect of dielectrics. A study was made ‘ first ti 

Sr of “ neutml condense; and thL^f 

the effects produced by previously charging the condenser in the 
op^sde directton. figs, i-io show some results from “hi 
of the investigation. The absorntion hv /i,- i t. • 
sbidied by allfwing a charge/rdrser LVa^d « “d 
discharge through its own dielectric. The effect nf « 
negative charge upon this absorption and upHe anna^rrr"*^ 

as shown Fi™ U 
‘ then made of the influence of 

sr, “ir 

„ L. ..dZS.“Tif-s:;“ 

r — I _ 



intervals BpTWEENI DiaOHA 
30 40 g 


and 16), was asMrtained preliminarily to simUar experimSw^*’ 
condensers. Finally, the influence of tomo. t ^ P°“ 
absorption by the dielectric of a condenL 
stiidy of the successive residual discharges (Figs 17 aaTl8) 1 
by di^arge curves (Fig. 19) at diffelnt tempm^nr^ 
separately the sevend parts of inv ertP,!^' 

M paa-Ja^ra.”describSdle"Hedlohoj 

18, 1898. For their coustraction see TransaomoSJ yd x Oct 
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The Effect of a Peevious ]!^egative Chaege upon 
Successive Residual Discharges. 

Previous to the final charge, the condenser was sahjected, for 
this series of experiments, to a charge of opposite sign. The 
final charge was in every case in the same direction (arbitrarily 
called positive) and for the same length of time, viz., 30 seconds. 
Experiments were made with previous negative charges, 
charges opposite in direction to the final charge, of different 
■duration. The value of the positive or negative potential to 
which the condenser was charged was in all eases about 114 volts. 
After the final positive charge of SO seconds, the condenser was 



J’lo. 2.—^Plrst Eesidual Discharge. Previous negative charge as follows- 
curve 0 60 seconds; curve D 90 seconds; curve E 120 seconds. ’ 

M 

allowed to stand insulated for five seconds, and was then short- 
circuited for 15 seconds. A^er this discharge by short-circuit¬ 
ing, the condenser lyas allowed to stand insulated for definite 
intervals of time, during wliich the absorbed charges worked out 
to the surface. It was then discharged through a galvanometer, 
the throw of which furnished a comparative measure of the dis- 
-charges. Successive residual discharges were thus obtained by. 
allowing the condenser to stand after each discharge for an inter¬ 
val of time, during.which the residual charges worked to the 
surface. The first, second, third and fourth residual discharges 
were obtained with equal intervals of time between the sncces 
sive discharges. This was repeated, allowing different intervals 
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fo r'd“ ■" “ 

^doat d^argaaeorrMpanding (a d’tferent 

negative charge. In the case of curve a t]»pra-^0 ^ 

charge of any kind, the condenser being as nearlv” « 
po^ible when the final positive charge of 3U second wL"^®^ 

den8ev“‘*rT ® "P«" «'e «atnfoon^ 

denser, which was given a previons negative charge forTo 

seconds, wm then allowed to stand insulated for fiv! seconds 

and then shor^ircuited for IS seconds previons to the fi„“- 



Fia. 8,-Second Residual Discharge. 


Sr 

deflected L needle to the rivlt Md^snctlfloTr 
above the X-^is; deflectio^\?ft:trre“to Tnlt 

charge, are plotted below the aids. In takingcurvi u anr A® 
sensitiveness of the galvanometer was changed, and 00^0 wf 


i 
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therefore, determined twice, in order to hIiow the relation between 
curves a and n and curves n and k. 

The etfect of the previous negative charge in partially or 



Kio, 4,—•Secorul KtHldiuil PiHeliui’f!;**. 

wholly neutralizing the linal positive c‘.hurg<‘ is chfurly seen by an 


inspection of the curv^es. This inthience hticoines more and 



Fio. 6.—Third R(>Hiduul Dixcdiarge. 

more marked witli eacsh Huceessive discliarge, an<l still inoro ap¬ 
parent aa the intervals between the disohargCH are tnade greater. 
This would naturally be so, since the previous residual charge has 
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cl^go! <'»e to tUe final 

Wot 1 and 2, the pro- 

between diseliarges are the loii.ro 

rate, winl.l it. tt “““ “>“* 

ing the intcn-vala Indwcn 

on 

the X.a.v-.a, heating a nognrtivo discharge; that m, on“ p,tto 



Pm. 6.~Thir<l Kasidual DisoUargo. 

in direction to the final charge. The evident turning turain of 

die lower part of the curves iudi<aitos tlmt the provions negative 
charge IS laaniniing weakened. '*ou» negative 

All tlicse idrects are more marked in the curves for the third 
residna discharge*. Fig„. « ,.,„j «, *hnd 

and K, the II).«econd interval is the only one giving a residual 
discharge m the diradion of the final charge. Thesf ciii^s a™ 
veiy nearly of the form which they would have if the final 
I ositive charge had not been given to the condenser at all and 
the iraidnal discharges wore due only to the previous neon 
tive chargm u» is more plainly seen hy iiiveiting the figure As 
w usual, the fourth residual discharge curves ai-e rather fla^, btt 
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curves n uud K, as they iiidicjite the })reseiice of merely a nega¬ 
tive cluir^e, resenihle the nsiml second discharge curves and are 
considei*ahly concaved towards the X-axis. 



Fifi. 7.—BVauili Hcsidutil I)is<‘hur^{‘. 


The fiftli and si.xth discharge (Mirves were ehtained, hut were 
not sudiciently marked to warrant re|)roductioii; they merely 
eiuphfisized tlie teregoing observations. 

The curves sln.wn in Figs. 1) ami It) are obtained from the [)re- 
ceding curves, and sluiw the effect of a change in tin; length of the 
previous negative charge given t(» tlie comlenser before the iinal 
charging. 1’he rtfsidiial disciharges, as measured by the throw of 



the galvauoineter, are represented as ordinates, and the length 
of the previous negative charges as abscisste. Two sets of curves 
are drawn, obtained witli intervals between the successive dis- 
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charges of 45 and 90 seconds, respectively. In tl,e case of tho 

curves correspondiuff to intervals n-f on j 

chaises deorLe with tl.. • ‘ 90 seconds, the residual die- 

with 45-second intervals between the successive dfscharges. This 



Ko. 9. Effect of Previous Negative Charge upon Residual Discharges. 

«in accordance with the interpretation of the previous results 
^ese curves show plainly that the absorption of the nrevto ,: 

th!T ’ * smoothness of the curves would indicate that 

he de^ndence of absorption upon time, follows somr^ 

law. The curves would probably be asympotio to some linf dt 
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terinined by the condition of tlie condenser uinl the nature of 
the dielectric. This line would then represent the limit to the 
amount of absorption. 

The reflex nature of the curves, jiarticularly of n an<l e, Figs. 
4 and (I, suggested that they might l)e made to again cr<»ss the axis 



Fra. 10.—ElToof, of ProvlouH Hegaiive Oluirge upon Krwirlual DiHftlmrgrw. 


of X if three charges wore given them, the first biung in the direc¬ 
tion of the final chai’ge. This was done, and Ti|)on short-circuiting 
the condenser and then talcing residual discbarges at lO-second 
intervals, tlie gal variometer first showed positive, then negative, 
and finally again ]) 08 itive residual discdiarges. 

With longer intervals between discharges it was found that 
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rA'iJvi-'rrirl =-S 

>d «^ere made long enone’h t),f 1*. « tl>e 

the curve would approa^h the aX of 
the condenaer would never beeome abaotedy t^ufr^l^™^ 


.trie cleviatea widely from an e.poneZ 'lilt 



a. n.-cong^er "«-^urve and Compmed Boa..ance. 

ffective. The form oftledtra^ « v;f:uT1•^ 
- pre^oua chargee, whetlmr of tif^me „r ^ 0 ;^ 

rptdo“!*'*"“ ^ “ ““*’*'•^7 dependent upon 

iach^ge orvee of the eondeneer were obtained by meaa- 
e djffleienoe of potential at ite terminals, by mea/a of a 
alar voltmeter, as the condenser was 01^1 die 
fxrongh rts own dielectric. The leakage Znnt 2 
was fonnd to be negligible. Assuming that the dis- 
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charge of the condenser follows the exponential law, we have 

= P, £ - nd 

where Vq represents the initial pet<nitial: l\ tin* potential at 
sometime j5 counted from the heginning «if diseharge; P', the 
capacity of the condenser; hi the insulation resistance, and c the 
base of the Napierian logarithms. This gives 




t 

I' ’ 

^'log 


This value of the resistance is the value which would he true if 



The resistance may be otherwise <‘.ompiitcd hy taking brief 
intervals of time and ttssmuing the curve to Ite e.\p(«iential for 
this time. Tims, if P, and Fg are tin? potentials at the times 4 
and iftg, we liavo 


R' 


G log 


tx 

t;. 


The value of the resistance thus obtained, which wo will <Hdl H\ 
is a closer approximation than the resistance U obtained above,. 
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and becomes more nearly a true value for the apparent resistance 
ot a condenser as the interval between t, and 4 is shortened. 

In Fig. 11 IS given the observed discharge curve from a con¬ 
denser which, although used for some time, had always been 
charged in the same direction. An exponential curve is also 
plotted with the assumed constant resistance of 4,250 megohms. 

he derived curves showing the variation of the resistances R 
and R , obtained as explained above, are also given. 

This condenser was left short-drcnited for 88 hours, and then 
chared in the opposite direction, and the curve of diseharve ob- 
tamed as above. The results are shown in Fig. 12 The pre- 
™us charge , afiects the shape of the discharge curves, but its 
lufluence is more clearly seen in the curves for the variation of 
resistance. The increase in apparent resistance, shown in Fig. 
11, is due, as Iim already been explained, to the absorption in the 
dieleetrie. In Fig. 12 the resistance increases at first, due to the 
a^rpbon of the final charge, and then decreases as the previous 
absorption of opposite sign begins to be effective. From this it is 
evident that the soaldng-in effect, which is the cause of the usual 
rise of ^istoee, must have acted in the opposite direction, and- 
so must have hastened instead of hindering the discharge. Where 
tte curve for resistance M', calculated for short intervals of time 
from the disohai-ge curve, is horizontal, the two absorbed charges 

nentiahze ^h other, the resistance is constant and the disohar<re 
curve IS truly exponential. 

The exponential curves, of course, cross the actual dischai-ge 
curves when the resistance of the condenser is the same as the 
constant resistance assumed for the exponential curve The re¬ 
sistance assumed in the case of an initially neutral condenser 
should be so small that the exponenfial curve would lie entirely 
below the observed discharge curve, inasmuch as the apparent 
resistance is increased by the coming out of the charges pre¬ 
viously absorbed. ” ^ 

The Influbkoe of Initial Potential upon the Aveeaqe 

Resistance. 

To show more defiuitely that the departure of the discharge 
curve from an exponential form, and the variation of resistance 
were due to absorption, and were consequently functions of the 
time rather than potential, discharge curves were taken through 
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ti wide mage of initial ])otential, and tlio avom^o resmtance eal- 
onlated by taking the mean vjiines of tlie resifitanc(*K obtained 
after 60, 160 and 260 miniite.s, aeeording to the two inethode 
above explained. Two condeiisei's were used to ('heek the aeen- 
racy of the work. The results agree tlirougliont, and sliow a 
practically constant resistance tlironghout the range of initial 
potential employed, viz., from 150 to 450 volts, as slmwn in Fig. 
13. The condensers were designed to stand a pressure of 5oo 
volts, so we may conclnde that while the insulatitui rcmiains nn- 



Fio. ia."—A.verage Resistatico Oorre.spoudiug to Diffenfiit Initial rotcntials. 

strained, tlic chaTiges wliieh occur are due to what may he termed 
local causes—such as the conditions of the atmosphere and of 

previous cbarge—ratlier tlian to the initial ijotontial of the con¬ 
denser. 


The Efpicot op TEMPHii^TirRE upon the liEsiSTANaifl op On.8. 


Tile foregoing results show the effects of ab.sori)tiou in a 
solid dielectric. The results which follow show that the absorji- 
tion in ordinary dielectrics, as shown by the residual discharges 
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and the curves of discharge of u condeii.scr tlirouij^h the dielec¬ 
tric, are closely dei)endent upon teniporature chaiiifcs, and that 



J 10 . 16. KesiMtancc of Vfwsuum Oil ul. Different T«?inpcrattire8. 

the effects of ab.sor])tion and residual discharge disappear entirely 
at high temperatures. An investigatioti of the effect of tem¬ 
perature changes upon the resistance of various cotnuiercial oils 
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was made preliminarily to a aimik.. i-r. x- 
electrics. TI,e experiments for 7 f “P"'' 

peratme eiJecta wr. -"d.^ndt:X'die 

ns, by Mr. E. G. Gilson and Mr E 6 ^ 
at length in their report' upon the work. ’ 



Fia. 16. 


»• Kssistance of Vac«n™ Temperatorea after OO.eecoaa 

the::r:lleft\fSeWM 

shoiilrl fnlirtwr +1 ^ condenser throuffh such oik 

^.^^jjMowJieei^ ^ law. Two surface plfte s wl im! 

taro upon DioIeS”. »t Xompera. 
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incrsed in tlie nil experiiiunited upon; tliese plates were 25.25 
eiii. loiijr l)y 17.5 cm. wide, and were sepurjited hy three hard- 
ruliber pillars 1.47 cm. lii^rh. The resi.stance of the oil was de¬ 
termined hy discharging’ a comlenser of known capacity through 
the oil hy connecting the terminals of the condenser to these two 
surface plates. The [loteiitial at^the terminals of the condenser 
was measured hy a multicelluhir voltmeter, and the resistance 
computed aeeording to the exponential law. The re.'^istance of 
the rubber pillars, the multicellnlar voltmeter and of the con- 
densei* insulation were so small com[)are<l with that of the oil 
that no correction for them was found necessary. ^ 

The results for different oils were similar, ami curves are 
therefore, given for'vacuum oil alone. * 

Fig. 14 shows the curves for the discharge of a condensei* 
through vacuum oil at different terniienitnres. 'I’lie temiwrature 
of the condenser and its capacity were constant. The resist- 
auce of the oil comjuited from the discharge curves according 
to the ffrst method already desiwihed, is plottcil in Fig. 15. For 
the lower temperatui’es there is a slight imivmi in the resistance 
<luiingthu discharge. J his has already been c-ommented upon 
in the case of solid dielectrics, and indicates that tlu;re has been 
some alisorptiou, possibly due to impurities in the oil. That tho 
resistance is more nearly constant, and the disidnirge curves ex¬ 
ponential at the higli temperatures, indicate.s that ahsorjitive 
effects diHai)pear at theso temperatures. 

Fig. Hi shows the resistance of vacuum oil at different tem¬ 
peratures after an electriffcatioid of do seconds. This decrease 
in resistanee is most rapid between JIO'* and (»()'' wdiere the resis¬ 
tance diminishes over 80 per cent. The same phenomena were 
obsei ved in the experiments with boiled linseed oil, jiotroleiiin oil 
and cylindei oil. Ihe results are given 111 the luaMunnanviiiflr 
tables. 


lilCSISTANOK IN MeOOIIMH OF 1 OU. OM. OK VaOUIIM (III.. 


'I’ime in Seus. 

iH-S" 

3a" 

40“ 

Sn'i 

6o« 

71.1® 

8o» 

30 

fio 

fJO 

lUO 

150 

6aa,ocio 
643,Swj 

oflfiiOOCI 

68si,ucm:i 

S 47 . 5 SI' 

549 . 5 'W 

Jfiij.uact 

564,500 

564,000 

395 ,ono 
.■» 96 iS«o 
3v6,6ui.i 
384,1100 
SBliS'W 

a 47 , 5 t., 

' 4 S», 5 ir, 

a 49 >SO« 

a 49 ,orJO 

245,000 

» 39 ,at)o 

<40,11:0 

t4a,tKx> 

9 «,a 5 f* 

88,1X10 

58,600 


1. This wor<l as hor« mwl luny Ijo misleading. It is used to denote tho time 
tlie cundeusui’ stuiids olcotrilled after being sopanited from tho source of potential 
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Time in Secs. 


OF. OM. OP Cylinder Oil. 


141,100 136,000 78 aoo -- 

^6^:91: IX 37.4«> 

§;l£ a:,i; sS S 

Eesistasob op Boiij® Limbed Oil 


Time in Secs. 


Resistance in Megohms. 


Time in Secs. 


Besistanob op Petroleum Oil. 


Resistance in Megohms at 


44i7oo 

4|.6so 

40.550 

47.t50 

47.550 


38,900 

39 i 99 o 

40,850 

4o,aoo 


38,150 

38,9X0 

38,790 


--—-—!-1 I 

Po. Solid Oiblbotbios. 

eiq>erimente“dSTifan»rl^f 

SI'S” f s; f “=. - 

described at length in a naner^ b?+>. pT*- already been 

deWod descriptioD of the condeMe™ is ‘ 

A determination of the caDufitTr n-p 4-u 

in connection with these earliw ezperime^ntaT^“r''7“ 

present investigation a year later!^ The ™l ** **‘® 

for comparison. ’ values are here given; 


Condenser. 


No. 3. 


Capwity (Microfarads) in 1803.. , - ' ~ ' ~ 

_ :;g 

Oondawis and 
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Pm. 17.—Bcsidtial Discharges of Condenser at 26® C. 
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Ihe measurements were made in each case Ly the method of 
mixtures, but with diiferent apparatus so that some of the varia¬ 
tion may be due to the change of standards. Tlie condensers, 
however, had stood severe treatment, being in continual use for 
a year under all sorts of conditions and a slight change of capac¬ 
ity might be looked for. ^ 



Fig, 18.—Residual Di.schargea of Condenser at 83” 0 and 40” 0. 

Temperatwe Effects wpon liesvlual JDisoharqes.—lIhQ 
second, and third residual discharges were obtained at different 
temperatures by the method used in the experiments already de¬ 
scribed. The sensitiveness of the galvanometer was not kept 
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coiisttmt so tlijifc tilt! (It'Hoetioiis cannot be cuniparetl so as to show 
the relative values (if tlie absolute (juantity of electricity con- 
stitiithi,i!: the residual discharges under dilTereiit conditions. The 
shape of the curves plotted in Figs. 17 and IS, however indb 
cates the relative amount of absorption at dillerent temperatures 
which is the |>oint in cpiestion. * 

The rcBidual discharges at (I .show a large amount of ab¬ 
sorption, as it took long intervals between disijbarges to eijiialize 
the residual discharges. 

Kesidiial diacharge.s at 0. give cnrvi!s much flatter - the 
interval between dischargea do(js not largel}* all’i'ct their amount. 



Fm. l».—C*oa(I(!iiH()r Dlschurgc (JurvcH at DilTonjut Tismpejralunw. 

Residual dischargcH at 40'^ 0. give remarkably flat curves, the 
intervals between discharges having, iirucdically, m» effect upon 
the discharges. This indicates that there was ’hut little absorp¬ 
tion. Whatever residual charge there was, so readily passed out, 
that a large increase in the intcjrvals between discharges did not 
affect the quantity of the residual discharge. 

Ihese experiments show coiujlusivtdy that absorption, as shown 
by ^residual effects, disappears at high temperatureH. 

IhffeGtH upon Dinuhiirge Ou'nfcH niui Imtulcution 
1 ho insulation resistance of a condenser was ob¬ 
tained by alio wing the condenser to discharge through its own 
insulation, and then solving the usual exponential equation for 
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fte resUtanoe. The eapaoity of the condenser at different tem- 
rrf^red tr “ e^'Perimente already 

The discharge cnrres at different temperatures are given in 



Pie. 80.-Coudeaser Dffle^nrime. of B.eotrMca«on a. 


Fig. 19; the differences, 
capacity and resistance. 


< 

are due, however, to change in both 


The variation in resistance during the discharge, computed 
^cortog to the hrst method before described, is shown ^^ 
20, and IS to be compared with Eg. 16 which shows the corri 
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pondiui^'resnlts for vuenuiii oil. Fi^r. 20 allows that, tlie resist- 
mice reniaiii.s more nearly constant at hi^.*!! temperature.^. luas- 
mncli MS tlii.s variation of resistance ilnrin^jf discliarg-e is due to 
absorption, it is evident that there is less ami less ahsiirption as 



the torriperatnre rises, a cjonclnsion already reached from a study 
of residual dificharges. 

The condenser resistance at dilferent temperatureH, after three 
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minutes of electrification,^ is giyen in Fig. 21, and is in form 
qui e simi ar to the corresponding curve for vacuum oil (Fig. 16). 

he sudden bend in a curve after 40° corresponds to the^rapid 
changes in capacity at these temperatures. Eetween 42° and 50^ 



ae (opacity increases rery rapidly. When the oapaciiy beeomea 
infinite, the resistance ■will, of course, be zero. 

Mr. M. A. Hess read a paper before la Sooidtd IVancaise de 
fliysiqne, arevienr of which appeared in rEUotrio im.. January, 
1. See preceding note, ~ ~ ^ ^ ^—~ 
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1894, in whicli lie says in speakirify of the plienomena of absorp¬ 
tion : “ If the jirodiict of the eajiacity and resistance of different 
“ portions of the dielectric sheet are e(inal, there will he no 

lesidusil discharges. It luis lieen observed that the 

insulation diminishes when the teinj)erature rises. From 

this it is seen that there is a temperature at which the pheno¬ 
mena of the residual charge disapjieai's.” 

In Fig. 22 curves are drawn after tlifferent times of electrifi¬ 
cation similar to the curve in Fig. 21. These emphasize tlio re- 
suits already discussed. These curves <-ome nearer and nearer 
together at high tenijieratiires as ah.sorptiou is eliminated, and 
apparently would coincide at some tenifierature between 40*^ C 
ancl 50 O., the limiting temperature the condenser could stand. 

The experiinents given above would indicate that in the case 
•of the parafHn^ condenser, ahsoriition will never he eliminated 
until the capacity becomes inHnite. The temjierature wa.s raised 
until the resistance became only ^t.th of its normal value. The 
absorption, though diminishing, was very definite in amount 
and the condenser would evidently break down before the re¬ 
sidual disctharges entirely cease. 

(loNOI.llSION. 

The action of a condenser is de[)endent, in a marked degree 
upon its i)revious history; so much so, in fact, that its iirevious 
charges may be of more importance in deturmining its action 
undoi certain circumstances than charges received later In tlmf 
case the previoes abserptiee. after nta.Wij;; 
due to the final charge, may give rise to residual discharges 
which increase with time up to their previous initial value. 

Absorption gives rise to the phcnomcua of residual charges 
and causes the condenser to depart from the, exponential law in 
discharging through its own dielectrii!. The increase in appar- 
ent resistance in the condenser during discharge is associated 
with this effect of alisorption. Previous charges modify those 
results, increasing or decreasing them according to whether the 
previous charges were in the same or opposite Hcnse. 

The resistance of pure oils is constant at any one tornpeniture, 
but falls off rapidly with the temperature. There are, accord¬ 
ingly, no absorption or residual effects in pure oils. 

In solid dielectrics the effects of absorption are diminished as 
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by the residual discharges 
and by the ohangra m the insulation resistance. 

sive A “ ““ i“ ? '’® «0“idered as comprehen- 

^ ^ described are already Lown 

but they have not before been presented together, so J to show 

the relation between them. The fact that the previous condition 
of thecondens^ has such an influence upon\s «I“es 
considerable embarrassment in an investigation of this sort in 
^uch M a condenser used once under certain conditions may 

expen^tnm ^ One tl” for further 

^ ^ condensers experimented upon re- 

I^d M was’’ obort^circuited for a month, 

^d It was necessary to employ another condenser which wa^ 
neutral, for further experiments. 

Cornell University, June, 1894 . 

we appears to be no discussion, 

iW a^''f fumisbed the motor in ^felemt 

ing, and also the current produced in flip «,* .^eeierat- 

transformed motor after it is converted into a dynaino!^^ ^ ® 



Pafier presented at the Sqik Mcethtfc a/ the 
American Imtititic of Rlectricnl Rngittccru, 
A\-w VorA', I'iir-rresident CrtvAvr in the 
Chair, Chicago, Profesnor Stine in the Chair, 
Se/itenther i()tk, /.SI//. 


THE ei;eot[iic brake in puaotice. 


IJY KLMKK A. 81 MCURV. 


Kiitorprisc in the Ifnited States for tlie pnhlie convenience of 
her citizens is truly phenomenal, and reaches its liighe.st expres¬ 
sion in^ conveniences for travel. The per capita investment in 
the cities and larger town.s of this country for electric street rail¬ 
road work is much larger than is often realized ; in some no less 
than sj^nr.. IS invested for each man, woman and child, for accom¬ 
modation in intramural travel The ciiorinouH aggregate sum 
thus invested has given a stimulus to engineers, resulting in 
wonderful advancement and relinement in means for mobilizing 
the thousands of tons of human freight that are hourly seeking 
transport. Vast skill and almost untold resources have been de¬ 
voted to perfecting means for overcoming inertia, and quickly 
accelerating cam ami trains whic.h are ever increasing as to their 
weight and capacity, witli patrons constantly more exacting as to 
speed and smoothness of operation, and especially as to safety. 
It IS proverbial that while these advancements have been going 
forward, comparatively no attention has been paid to tlie 
mechanism for retarding, and quickly but smoothly bringing the 
cars and trains to a stop. 

The popular appreciation of this point is illustrated by tlie 
gn'owmg frequency of its discussion by tlio daily press iii our 

larger cities. The following is an extract froiri an editorial 
recently appearing. 

“The number ot deaths, due to motor cars, lias alarmingly in- 

7 liberated the slow-gomgSforse 

current 

o ^ 1 properly been exploded. It is 
the car wheels that are doing the deadly work. Kow that the 

682 " , 
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krJ “ “easnre standardized, mana- 

“ whv thev ^ nn I’y patrons 

may be cut down. Tiioi-zJ^-I’o _J- ^ .• __ 



. , - -inadeciTiacy.' 

As the practice of tl.e steam railroad engineer as to road beds, 

tbr^^lT-*^ gtadnally approached, his experience in 

the solntion of this mMt impoi-tant problem of braking should 

be studied with owe. In so doing, Iiowerer, the features wherein 
the street car problem ,s differentiated from the steam road prob- 
be kept prominently in mind. We must remember 
that the locomotive engineer is provided with a complete, expen. 
mve and somewhat intricate apparatus with which to de.energize 
his tram. The periods of its application are comparatively- 
nfrequenfc, and as to personal capabilities, be is schooled and 
trained for years before ever being allowed to touch either the 
throttle or tlie air valve. While working, liis pressure gauges 
allow him to adjust the brake application to a nicety. Moreover, 
the time allowed for the total retardation and final stopping of 

us tmin IS usually very long as compared with that allowed in 
street railway practice. 

Of the two, tlie street railway problem is the more exacting, 
and m the hands of far less experienced operators; and yet we 
are told that the raeolianism involved in its solntion must bear 
only a small ratio to the cost of the total equipment. Owin<. to 
the recently developed relation between effective braking and°the 
accident and damage account, the purchaser will be spurred on 
to careful investigation as to the brake applied to his cai-s. and 
will be willing to spend sufficient time and money to effectually 
control the retarding, as well as the accelerating of the car. To be 
sure, iwlittle expenseshould be incurred here as possible, but enough 
to fully meet the requirements. Especially is this true, now that 
ample power for applying the heaviest brakes is at hand, and 
even if used in a wasteful and extravagant manner in the largest 
amount possible, is entirely without cost, and its means of control 
already at hand. The importance of this proposition should at 
once command the attention of all, and commend the problem 
as such to the engineer. 

E.xamination of aooonnte of the electric street railway oompa- 
mee of our large cities reveals the fact that the item of damage 
already very great, is one of growing importance. Investigation 


of the ciroiimstiiiiocs and ilobiilod statoiiiunts of iiiniioroos items 
taken at i-andoin from tlio daimijto acammit, point at oimo and in 
no micei-tain way to tlio iimflioiunoy of tin: |)ros(oit liand brake. 
In man.y inatamaw, eoidd tlio car or train liavo been .stoiiood 
witidn a eomparativoly short distance, the accident and rosnitant 
damaftos would liavu been entirely avurted. 'I'lie lirst investi-a 
tion led to othera w-itb the same result, and in consequence tim 
writer IS prepared to sliow tliat nearly .So per cent, of the acci 
dents directly oeenrinp-, are line to the ineflleient operation of 
brakes. Tlie growins frcipienej^ of aeeidents and tbo const,-intlv 
meroasing deniands of the public for dainagus, are indications 
tliat have not been imuie to iinpresa the mind of tbe engineer or 
I am sure adeipiato means would bavo been fort bemnimr for tbe 
correction of so grave a fault inberent in all tbe liriKenrsystcms 
of powor.o[mratod street cars. Some of our municipal .'.ntbor- 
ities arc taking action witb reference to tbe inereasing frimneiicv 
and severity of accidents, anil altboiigli no tliorougblv seientifle 
invest,gatio" of tbe uiatter bas been piiblisbcil, .yet it is a start- 
Img fact that with tbo present band brake, no electrie or otber 
cipupraont tiMbiy stands |iroviileil witb anytbiiig in tbe line of an 
omorgeiioy brake. In so grave and urgent a case, what can la, 
done m the hue ol: remedyj The ipiestio.i naturally arises, will 
any system of braking worked upon or in eounmitioii with tbe 
b inary wheel of a vehicle be stiflieienf for tbe stop required? 
What IS the ma.vi,nn,n etiieieney obtainable by tbe brake working 
tbrongh tlio wheels? Is it sulHcienl to arrest the ear before aeei- 
deid in eiwo of omergeney? Can it he made in any „v.mt „ 
siifheient aceident preventer? The popular notion that most 
UMdonts are due to brake failure is true, but in a way that is 
htt e understood, tbe failure being one of degree. It may not 
be known that under proper aiidstanihml conditions any a.r or 
trim, inay bo brought from a speed of 1(1 mile's an hour to al»o- 

the wheel brake has ample capacity to aecomplish thia The 
former inv^tigatmns of tbe writer with referenee to adbesion 
under eonditions of aoeeloration and retardation, climbing and 
descendiig liil s, afford ainpio proof that tlie rail adliesioii 
t irougl. the wheels gives the wheel brake more than eapmiity 
suihciont to mieomphsh this result. For instimee, assuming any 
weight and load, say 17,000 lbs., the storod up energy, (^,42^ 
ft. lbs. can with ease be dissipated within 20 ft. for the ordinary 



18M.] 


SPEBBT ON TSB BLEOTSIO BB/l-r.. 


686 


^n^ment, and less than half of this distance, or a little over 9 
ft. Under conditions of coupled drivers nr if +>ia i i 

JIM 5; ..j:, 

ttrproblem n wHl P^^tinent relation to 

tne pioblem. It will be seen by a glance at the figures that the 

mtli the rail The retarding effect takes place on the base line 
in a plane below that of the center of ffravitv reallv +hA fo fi 
projecdon downward of the mass asSr^sudd 
opereting on this ba^ Hne tends to pitch the upper Irtton fo^ 

^ r , bringing nearly all of the weight, and with it the retard 

mr pair in fte oidinary equipment wiU have hut little effect • 
rf, however by any practicable method they are coupled to the 

aM ot full effect. This is true even if the back pair should be 
h^ clear of the tmck. With increased weight'^upon t^ for! 
ward drivers comes ample increased adhesion, thus preserwl 
the full tactive effort of the total weight intact for purposes of 
stop which IS impossible in the ordinary equipment These 
^ects are all ^ravated in case of short whrel base ^^e 
pr^ent tendency toward a longer wheel base is a step decidedlv 

sSi tiirSie “r tL effect 

shittmg^ the load in reference to the axles will be especially 

noticed in descending hills, as shown in Fig. 1, where 

mentum of the rapidly retarded mass tenfs to^St the 

entera still further forward, in some cases almost wholly onto 

the front dnvers It will be seen to have a greater ^^ 0 ^ C 

m ^es, where in stopping, the inertia tends to cor- 

tM the position of the shifted load, whereas ^iug down in 
toppmg, tlie momentum as stated tends to stUl furthw aggravate 
the condition. The practical effect of this mav be se^ wSn 
ever an orinary street oar mounted upon springs of feir resil 
xeuce IS quickly stopped. The car will L seen to suddely Zt 

(see Fig. 2) ^e front springs being depressed and thf^reS 

eoMiderattons all go to show in a new 
ght toe advantages to be derived from coupled drivers for 

fearing three facts in mind let us turn for an instant to the 
ordinary hand brake. The ratio in toe brake levers will be 


I 
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found in tlie inodcu’ii Irncks to lie anywhcro from li to 11^ 
averaojinjr }il»unt. Hi to I. TIio Icvor arm of the brako staff will 
be found to l)e any\^'hert! from (5 in. to lo in. Assumini** 11 in 
as the average, tlie radius from tin* center of the hraki* eliain to the 
center (tf the brake stall will be li' in., giving thus r».os to 1, or 
a total leverage of nit.f t4) 1 I’nnii th<> ojierating h.andh^ to the 
brake beam. Two elements now hav<* to lu* assumed. First 
the friction coetHeient of the brake shoes acting u|ion chilled' 
wheels. Second, the |M»wer upon the bralo; staff. Tln^ writer 
has endeavored to covin’ both of these nnkimwn ijuantitii's by 
aetnal experiment, giving the results in the tables, 'ruble 1. 
was taken by a dynamometer being lastene«l directly to the 
brake staff handle in liin^ of the i>nll of the niotorman, a cast- 
iron brake wheel lb in. diameter from center to center of a 
in. rim hearing the handle. A number <d’ experimiced motor- 
men were invited to test their strength upon this handle and 
earofni readings were taken. It was noticeil that the right arm 
of the more e.xperieneed inotormen was much more ileveloped 
than the left, a f act which I think has been pointed out before. 
The e.xtent of this development in the forearm is certainly ijiiito 
marked, showing that the gripping iiiuseles and weight of the 
body are tlie elementH brought most into play. 


No. of 
iiioturinuu. 


W(!i)$hi of 
inotornuut 


TAlUiH 1. 


(iruiliiiti pull 
with our liuiiii, 


Jerk with IhuIi I'’nirr)triii‘y jerk 

liuiuifi ou with ln>tli hiimU 

luiiul wheel. Mil hiiiiil tviieel. 


Av, 


*0 year* in service. 

RtRiit anil, circumference of forcHriii, taK In. 

t. r. 1’ " M il '• 

liCftarin, • “ fornnrin, ttftj “ 

“ " bicepst, •» 


OolumriM 1 and 2 indicate respectively the number of the 
motorman and his weight. 
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Column 3 indicates the greatest possible steady pull with the 
of tL^tody ° P'v possible weight 

Column i indicates the same conditions as column 3 the 
motoi-man m this grasping the hand-wheel with both hands 
Mine motormen using gloves to prevent their hands slipping’ 

Srself 

In column 6 is indicated an “ emergency stop.” The motor 

te T+rr r » 'if possible. In this 

test the body was bi-aoed, sometimes with the knee iigainst the 

d^her rail the needle registering the highest jerk iisimlly given 
with a sudden lunge of the body. - ® 

It will be seen that the power applied by the steady pull of 
the ave^e motormaiiTs about 131.7, and can be made tL-un up 
m case both hands and the weight of the body are used to about 
324 average, but this value cannot be maintained. The average 
values of column 5 cannot be used in these calculations for the 
reason that although they show the pressure it is possible to 
reach by jerking upon the liand-wheel, these pressures cannot be 

Xef “annot be depended upon for braking 

^eet The tots show that the full power that can be .naif 

*1 It IGUt length of time for 

the purposes m hand, does not exceed an average of 180 lbs. 

table II. 


Speed rev. per minute 
33 in, wheel. 


Varying, 150 
125 

lOO 


Constant, 105 


Brake pressure. 


900 lbs. 

pbo 

900 

900 

900 

900 

900 

900 

300 

500 

7 SO 

1150 

1500 

2200 

3780 


Traction. 

87.4 lb. 

9X.7 

99.8 


Coefficient. 


9-7 percent. 

10.2 

11.1 

13.3 
14.8 
16.6 

17.1 

1:^ 

XOel 

12 . 

iT,a 

Z 2 , 

X 4.4 


Table II. was obtained as shown in Fig. 3. A brake shoe that 
had been run m service about three or four days was taken with 
the axle carrying its cooperating wheel, lifted out of the truck 
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and placed between the centers of a lathe, the load upon the 
brake shoe accurately measured, and the shoe held from move¬ 
ment around the wheel by a dynamometer. Every precaution 
was taken to avoid handling the periphery of the wheel or the 
face of the brake shoe, and even the dust was left upon it so as 
to conform as nearly as possible to the normal conditions of 
practice. 

Tracing our 180 lbs. application to the brake beam with al¬ 
lowance for loss by friction, we have 3,840 lbs. applied to each 
of the two shoes which upon the chilled surfaces are found 
under ordinary circumstances by Table II. to give a coefficient 
of about 12 j)er cent. This would give a retarding efPect of 4(50 
lbs. which is less than one-third that easily obtainable were the 
power needful for its application at haiid. The coefficient under 
these conditions must have been about 37 per cent, to realize 
anything like the total value of the retarding effect of the 
wheel. This under condition of chilled and glazed surface is 
entirely out of the question, showing at once the necessity of 
power in the application of brakes, if anything like their* full 
value and use is to be obtained. This is also amply borne out in 
practice, as those who have tested this point well know that 
under ordinary conditions it is next to impossible to slip the 
wheels of a motor car by the hand brake. 

In the electric brake, on the other hand, the fact that the 
truck parts are not bound up and locked into a solid mass by the 
enormous pressures of the heavy brake levers and shoes is found 
to prevent racking and straining the truck as well as jumping 
the track and curves when the brakes are set. The axles and 
truck parts are perfectly free for easy and normal movement 
even when the brake is exerting its full power. Great reduction 
of wear at the pedestal journals is also found, owing to entire 
^sence of aU of the usual heavy pressures of the brake shoes. 
We can all see that by applying adequate power and control to 

of file equipment may be raieod 
to the position of m mdispensable safeguard, the value of which 
MU only be appreciated as its hitherto undeveloped resources are 
brought out, demonstrated, and rendered simple and easy of ap¬ 
plication and control. In practice the greatest neoessitv for 

the higher speeds. Prom 

® «us point tlie failure is 

greatest, the coefficients bemg least ; increasing as the speeds de- 
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crease. This has always constituted the one grave fault of the 
air brake in railway service. The intensity of its application 
should be greatest when the speed is greatest, and decrease ae 
the speed drops off. As will be shown farther on, this point has 
been fully covered in the electric brake, which is the first time 
that the varying application has ever been embodied in practice,, 
and especially in such a manner as to perform its important 
function automatically. 

A plan, especially one pertaining to electrical matters, after 
having been proven mathematically to be feasible, is far from 
being realized. Many are the practical difficulties to be sur¬ 
mounted before a thoroughly commercial, or anything like a 
standard apparatus has been produced. Especially is this true in 
the electrical held. Many subtle influences and energies are at 
work which well nigh overwhelm the experimenter. In a new 
field but few precedents are at hand, and these are apt to be ex¬ 
tremely unreliable and in the nature of a blind leader of the 
blind. The practical application of the electric brake, although 
probably no exception to the general rule, amply illustrates tlie 
wide distance to be spanned between the conception of the idea 
and the commercial apparatus itself. For years the writer has 
believed that electricity was vastly preferable to any other force 
for the application and control of brakes. Working first on the 
solution of the continuous brake problem for i-ailway trains, he 
built his first electric brake apparatus in ’82 and has studied and 
experimented on the problem in its various phases almost con¬ 
tinuously since that date, with more or less encouragement in the 
line of substantial progress. As to its application to electric 
cars, the apparatus was successfully applied on some double truck 
cars in Illinois’, one of these cars weighing as much as 12 tons. 
The first equipment, similar to that shown in Fig. 4, was con¬ 
structed some five years since. This apparatus has been con¬ 
stantly undergoing alterations and been experimented with, until 
for the past 18 months a constantly increasing number of electric 
cars, equipped with it, have been in regular service, some of 
these running with change of motormen on each of 13 daily 
itrips, the same motorman having the car once in about three 
days, making it impossible for the men to become familiar with 
the operation of the brake. During this time one car has made 
upwards of 70,000 miles, hauling a trailer about 48,000 miles 
during some special weeks of test, making from 178 to 220 miles 
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daily. It is only under such rigorous conditions of actual opei*a- 
tion that rapid progress can be made in reduction to practice. 
All machinery or apparatus must pass this ordeal successfully 
before it can be brought into thoroughly commercial shape. 

At the mention of electric brakes the engineer at once admits 
that they should be entirely feasible, and usually adds that there 
is plenty of electrical energy at hand from the central station to 
retard and control as well as to propel the car. This, however, 
is not the method undertaken by the writer. To emploj^ the 
central station current for operating the brakes would be to limit 
very materially their usefulness and certainty of operation. The 
braking current, although used at comparatively infrequent in^ 
tervals, and then only for a short period, should for this reason 
be absolutely certain and unfailing in its action, and not subject 
to any “heart failure” of the central station, or sudden cessation 
caused by the opening of the circuit breakers, the interruption 
of the line, the flying off of the trolley, failure of the fuse, or 
failure at other more or less vulnerable points. The electric 
brake under discussion has been operated over a year on equip¬ 
ment upon different roads, from electricity generated indepen¬ 
dently of the trolley connection, the braking current not beino- 
derived from the central station but produced by the power of 
^e moving car, which power it is desired to get rid of, or destroy. 
The brake thus operates equally well with the trolley ofl*, and, as 
will be understood from the following description, the trolley 
current has nothing at all to do with the car while the brake is be¬ 
ing operated, except possibly to maintain the light circuit. The 
electric brake at the same time is entirely independent of the 
hand br^es, which may or may not be present upon the equip- 
ment. The braking action being altogether independent of the 
ordinary brake shoes, it is not found necessary to employ them in 
connection with the electric brake, although in the earlier forms 
they were used, and in the case of trail cars, especially in heavy 
service and on grades, some engineers prefer to use them at the 
connection with apparatus such as shown in 
employed by the writer for operating the 
br^es IS developed by automatically turning the motor or motors 
generators. As these are driven forward by the moving ear 
-they develop current which is controlled as to intensity by^ the 

teed r- 

duced at the expense of the mechanical energy stored up in the 



1894.] SPERRY ON TNhJ ELECTRIC BRAKE. 691 

moving car, which, being consumed causes a retardation and final 
stopping of the mass as a whole. The current so geiiei'ated 
may be;;furthermore led tlirough a l)rake magnet as above seen, 
to apply the brake shoes; it may arrest the motion of the car 
direct by ^magnetic adhesion, or develop heavy retarding currents 
in the moving naetallic mass by magneto-induction. When an 
active local circuit is used, the latter method is usnally employed 
for reasons which will be made more apparent. 

In developing this system, the point which seemed fraught 
\yith the most difficulty, and which lias finally received the 
simplest solution of any in connection with the problem, was 
that of obtaining always and with absolute certainty, sufficient 
current at the lowest speeds without the aid of the trolley cur¬ 
rent. Teaser coils were at intervals resorted to, maintaining 
connection with the trolley circuit. ‘‘ Artificial teasers” were 
also used, being a device by means^of which the trolley circuit 
was entirely-Mone away with, and which worked well. Observa¬ 
tions made from time to time in connection with these experi¬ 
ments led to .an exhaustive investigation of residual magnetism, 
in consefjuence ot which, structural means were adopted to 
utilise to the full, tlie residual hnagnetism of tlie motor. Thi.s 
supply is constantly being reneM''e(l with every energizing of the 
car. This method was found to be the simplest as well as the 
most effective. The connections, and in fact the whole arrange¬ 
ment of the electric brake upon the car, is extremely simple. 
This is shown by the tact that only one small extra wire needs to 
be run to the controller in addition to the ordinary wiring of the 
standard eipiipment without the electric brake.' The certainty 
of operation is evinced by the fact that at jiresent wnting, ovei- 
150 of the efjnipments have been placed, which are making up¬ 
wards of 10,000 miles daily in regular service. Early in the 
experimentation a phenomenon was observed in reference to the 
persistence of the current even after the motor liad stopped. 
This is due to the slow action]|of the decreasing magnetization, 
taken together with the reaction or self-induction effect of the 
fields, and any brake coil or coils that may be in the circuit. The 
movement of the magnetic lines, which peraist after, and in fact 
long after the motion of the motor has ceased, generates poten¬ 
tial. In many instances it is possible to draw an are fi'om the 
rupture of the brake circuit one second after the motion has 
ceased, showing the presence of current in the local circuit. 
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Fig. 6 lias been developed from the average stop to show the 
carve of current in reference to the motion, the black line in¬ 
dicating the period of motion during the application of the 
bi-ake, and the curve indicating the current intensity and its 
duration. The current flowing after motion ceases, though small 
is found exceedingly useful in holding the car from stai-ting 
itself, even on quite a heavy grade, as only a small quantity of 
energy added to the already great friction of quiescence will pre¬ 
vent the car from starting. This persistency of cun*ent is also 
found useful to kill or destroy the magnetism of the biiike mag¬ 



net, in case it is desired to suddenly move the car forward again 
The tendency on the part of the windings at the moment of rap¬ 
ture to generate an opposing k m. f., tends to suddenly free the 
magnet from its face, a jmrely accidental feature, which is of 
great value and utility in this connection. The wonderful energy of 
the withdrawal of the lines of force, being in its manifestations a 
phenomenon of magnetic viscosity, is illustrated by the following 
fact: With a perfectly dry track, a great force is required to 
Shear the adhesion and start the wheels slipping. A car going 
down a grade under these conditions where no brake magnets 
are present, will, with a sudden application of the electric 
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brake, generate sufficient current to not only arrest the motion of 
tlie wheels, but start them going in the opposite direction, the 
reverse motion being maintained through an interval truly 
remarkable, in some instances running as high as one and one- 
half seconds. It will be borne in. mind that all the above 
phenomena are entirely independent of the central station cur¬ 
rent, the trolley connection having been severed before the bmke 
is applied. 

The current recjuired to be developed to stop a ear when no 
other braking apparatus is used, is found to be only a fiiiction of 
that required to accelerate the car in the same interval. 'I'his may 
l>e easily illustrated by the lines in diagram Fig. 6, a being the 
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electrical energy applied in a given acceleration; u the resulting 
mechanical energy stored in the car after deducting all the wastes 
in the motor, and between the nmtor and the momentum ; o the 
average mechanical energy in the car at the time of applying the 
brake; n being the electrical energy re(iuired to bo developed for 
retardation after the efficiency losses have all been provided for 
out of the (quantity o. Thus it will be seen tliat the so-called 
efficiency losses act in a two-fold sense, between a and n and 
between o and n, to reduce the amount of current required to be 
generated for braking purjjoses. 

As to the effect of the electric brake on the the total temper¬ 
ature of the motor the following expseriments were made, A car 
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and trailer were operated over the line inIWular service 41 1 
miles the b,-ake. The atmospheric® tempeXe 

noted every lialf-hour during the test, and the temperature 
ctiretullj taken ot all parts of the motor at tlie end of the run 
The succeeding day a similar riiUj was made with the same trailer 
over the same track and in the same length of time, but with the 
electric brake in use, braking direct on the simple local circuit 
without brake magnets. The difference in the average atmos¬ 
pheric temperatures during the two days was six and one-half 
degrees, and the difference in the average temperature of the motor 
parts was seven degrees, making only"a difference of one-half of 
one degree (Jeiitigrado as the total increase of temperature from 
the use of the brake. Observations in reference to the heat in the 
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rheostat were made,although no temperatures were taken, and no 
difference could.bo observed in reference to the heating of 4is por¬ 
tion of the equipment. The explanation will be found in the com¬ 
paratively small amount of current as seen above, and the relative 
infreipiency of its ap]ffieation, and short duration at the time of 

each application. The following wattmeter readings have also 
been taken: 


Nunibor of fall stops. 


. 1:40 

Diffoi’eneo in roiuling... .. 3 85 

Constant of wattinotor equals ”33”; total watts both trips, 180.4. 


Trip. 

and Trip Trailer, 

,038.9 

898,043.35 

,543.30 

393,047.1 

00 

08 

43 

87 

1:40 

1:86 

8 80 

4.86 
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.BiaoTam No. 7 indicates the connection of the wattmeter in 
tlie circuit. 

Automatic resistances were even at one time used in the endeavor 
to relieve tlie inotorman of all responsil)ility in connection with 
the control in applying the brake, but superlative simplicity was 
found to he much more desirable tl»an the superlatively auto¬ 
matic, and the automatic devices wc're seen to he entirely 
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uiiiiecessary, the apparatus as at present constructed being of 
great simplicity. 

The diagram of the braking current in Fig. T), shows the auto¬ 
matic decrease in the intensity of the brake ajiplication ho 
desirable with the decreasing speed referred to above. As the 
speed decreases, the generator runs more slowly and conse<iuently 
produces less and less current. 

With this style of brake, the life of the wheels is increased 
from two to three-fold, thus affording a saving in the item next 
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in cost to the electric maintenance itself, to say nothing of the 
entire saving in brake shoes. This is emphasized in the fact that 
the bi'ake shoes ai’e being constantly besmeared with sand and 
grit thrown from the wheels, and when in this condition, they 
are brought against the wheels with the tremendous pressures 
noted above. A better method could hardl}' be devised for 
reducing both wheel and shoe. We little realize the great 
number of brake applications necessary in a day’s run. Careful 
record has been kept of this point, giving in three days an 
average of 1377 brake applications per. day for a run of about 
164 miles. 

Another interesting feature in this connection is that a fiat 
wheel from skidding is an impossibility. It will readily be seen 
that should the wheels stop, the generator connected with the 



axles ceases to produce current, and none therefore exists to 
farther apply the brake, and though they may be sliding forward 
on the rail, yet the wheels continue to rotate more or less and 
constantly present new surfaces for the sliding contact. ’ 

The braking action is two-fold and is especially efficient The 
rotatingarmatureof the motor, instead of tugging ahead by its 
momentum, is itself pulling back, and more or less powerfully 
braking the car through the gears by tlie retarding effort of the 
magnetism of its field while generating the braking current The 
power required therefore to perform this work is taken from 
^nergy of the moving car which it is desired to destroy: not only 
IS the car thus retarded, but the electric brakes arrest the motion 
•of the wheels direct, with a force that is remarkably powerful 
and under perfect control of the raotorman. 
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Two forms of braking magnets aro used, one for winding up a 
brake chain usually employed in conTiectioii with the trailer, 
shown in Fig. 4, and another foi’ directly arresting the motion of 
the axles, one magnet only being used in (ionnection with ea<di 
axle, as shown in Figs. 8, b and 1(1. The.se magnets are truck- 
mounted, not an ounce of their weight being directly on the axle, 
and are so sujjported that their gravity acts to automatically 
retract them from the brake face, see*Figs. 10 and 11, the latter 
showing the link standing out of the vertical. IMie lirake face is 
automatically lubricated to a slight degree, receives a high polish 
iind does not cut or rapidly wear. The l)rake is noiseless in its 



'Operation. It will be seen from the cuts, that inasmuch as it does 
not revolve, no commutating or cotitact device is necessary. Its 
crescent form accomplishes important techni<‘.al functions and 
also eliminates the necessity of pulling olT a wheel for its attach¬ 
ment, removal or inspection. The brake is shown in ]K)sition on 
truck in Fig. 12. Its face is solid uoihrol'mi metal with no 
grooves or interstices for catching grit or sand, which in part' 
explains the aliseiice of wear above referred to. The limke mag¬ 
net is practically indestructible, a few turns of stout wire 
•constituting its one coil entirely eiudosed and sealed in metal. 
No harm nor moisture can reach it. As to moisture, it is im¬ 
material, as the e: m. p. at which it works is extremely small. 
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seldom reacliiiig six volts. The Jiibidcator for tJie brake surface 
is dry, not sticky or adhesive, and does not gather sjwid or dirt 
and retain it upon the braking face. No mechanical pressures 
whatever are employed to arrest the car, and hence no strain or 
shouIder-weai* comes upon tlie journals, fn constructing the 
brake magnets tlieii* proj^ortioiis and the arrangement of the 
magnetic circuits received considerable study. It was during 
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some preliminary experiments that an unexpected phenomenon 
was no i«d; namely, tliat the retarding effect when speed is an 

the™ 

tWs ktto be”!!, t adtesion. 

this latter being a known and definite quantity. Farther exneri- 

ment made to ascertain the cause, showed it to ho due to Fonilult 

structnre of tlTl T* Md 

structure of the brake magnet were therefore varied in a number 
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of particulars, especially such as would be expected to give the 
greatest result in Foucault currents produced. The result was 
immediately successful. It was found that the retarding effect of 
the brake magnet is due very much more to the generation of 
these currents than to the direct elf Get of the coetlicient of fric¬ 
tion resulting from direct magnetic a<lhesion, the amount of 
which I find can be relied on accurately when employed by 
itself. Some of the forma of brake magnets experimented with 
were provided with numerous [)oles of op[)oaite [Kdarity, which 
were worked upon three different kinds of armature, two of 
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which had radial teeth of dilferent number relative to those in 
the magnet, and one being a plain disk armature. The toothed 
armature, while it causes a series of sudden jerks and is also un¬ 
satisfactory in the total retardation resulting from a given input 
is found also upon rupture of the magnetic circuit to impart to 
the magnet coil certain counter ic m. f.’s which materially cut 
down the current supply and thus tlie capacity of the device. A, 
magnet formed of a continuous disk with an amiulur groove 
sunk in its face, is found to give very satisfactory results, but is 
much heavier and requires an ainnature twice as heavy for agiven 
number of lines as the double circuit magnet shown in the figures.. 
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™0 HPKlUtY ON mu BLEOTRIC BRAKE. 

i'ni-tlicm,ore, the i-elative i-otatiou hetweeii sneli a inaa-net and 
Its a,-,natn,-e aff«i-ds no jxnnt in tlio imiascs where the Knes are 
inteiTupted or ehanged, and the Koucanlt enrrents, or reactionary 
oftcct set U|,. IS very innel, inferior to tlioso in a m,ii;„et wl.ere a 

resnlt'',7H“"’" •-ntinnonsly pr^dneed. Asa 

iChiiltot thoNe iiivoshgMt.ioiis the ereKcent form sliowii in the 
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iiKlires luw Ijoen adopted, the opening in tlio orescent givino tlie 
■effec referred to, as well as affording an excellent method of 
attaehinent and removal of the brake magnet, and at the same 

time sniiplying a gip for easily reiching the face for inspection 
nnd luhrication. A hihricator, see Kigs. 8 and i), is shown as 
occupying this space. The helieftliat the extra retarding plie- 
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nomeiion is that of Funcaiilfc oi- other eddy cuiTents is borne out 
by the fact that acondnctiiiff lubricant such as p^raphite is found 
to considerably increase the effect, also metal hlling between the 
polar faces is almost indispensable for the best result, wliileatthe 
same time effectually pi'otectiiijLi: the (toil from all damage. 
These obser\''ations would seem to indicate tliat the eddy currents, 
however produced, circulate in both tnasses near the surface, 
and traverse l)a(dc and fortli across the air-gap whenever ample 
provision is made to allow them so to do. The practitiul value 
of the combined action of all these forces in increasing the 
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retarding effect, results in necessitating but a small magnet, and 
a smaller current expenditure considering the worlc performed. 

By reference to Table 1 IT., the result in retardation gained 
through the eddy or other ciirrtmts may be plainly seen, column 
A indicating the retarding effect which should be expected from 
a friction coefficient of Id per cent, between the lubn’eated sur¬ 
faces due to magnetic attraction of the lines actually circulating; 
and column u indicating the values of retardation actually 
obtained on tbe dynamometer. 

That the important positions and trying circumstanees under 
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TABLE III. 




“A" 

Pull due to magnetic 

Amperes. 

Volts. 

adhesion or traction. 

■ 

Friction coeflicient 

10 per cent. 



“B" 

Pull on bra''e chain 
obtained 

Graphite lubrication. 


las lbs. 
300 
6a8 
1976 
2432 
2584 
2736 
3040 

.1383 

3490 

3500 

3650 


The assumed values are ba ed on a traction of 28.26 lbs. per square inch for 45 000 lines 
per square inch, being: the assumed values at the knee of the curve easily recog-nized as occur¬ 
ring between 16 and 20 amperes in the table. 

which the motorman often labors are appreciated, maj be seen by 
the space devoted to it in the daily press. An editorial in an 
evening paper reads thus : 

“ One trembles to think what-ccnsequences may follow if a 
“ motorman gets rattled or has a fainting lit when trying to wind 
“up his hand brake in time. Muscles grow weary and relax at a 
“ critical time. Even when a man is in fine working condition, the 
“ strain upon him is severe when compelled to handle the grip 
“ lever or current controller and hand brake simultaneously.” 

As to the arrangement for application aiid control of tlie 
brake by the motorman, about a year ago the writer made the 
following statement: 

“ Considering the inexperience of the operator and the respon¬ 
sibility which at times well nigh overwhelms him, I think that, as 
engineers, we should be willing to set a very high mark to be 
•attained in the ideal brake for electric street railway service 
namely: the use of but a dTigle conirolUng handle for 
tUng; starting, accelerating, retarding and braking the trailer 
or trailers and all. Let the motorman have notliing to think of 
except one handle, and two-thirds of the accidents now oceurrinff 
will be prevented. Let this handle require no more exertion in 
Its operation than the present controlling handle. Let the motor- 
man fulfil his function with as little physical exertion as possible* 
he will then have a greater reserve for mental application when 
ne^ssarj. A motorm^ required to exert an enormous amount 

5 ^^ding at the brake, has but little 
Me left to apoly <Mse of emergency. I agree with a prominent 
rater on^thiB anMeot, where he says toat a mnltiplicity of 
handles is fatal in time of emergency.” ^ 
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At the time the above was written, equipments conh-olled as 
tlierein set forth, namely, by the use of a single cantrolUng 
handle for emrything, had been in operation for upwards of a 
year. The methods employed for accomplishing this have been 
varied, but the form most in use at the present time is that shown 
in Fig. 13, where the resistance contacts are employed in a two¬ 
fold manner; the controller handle is made to operate back and 
forth over the same contacts for controlling both the application 
of the current to the motor and braking the car. A self-correet- 
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ing and interlocking device is also provided,' shown at a, a', 
Fig. 14, so if the motorman does not throw the handle clear over, 
the transformation is completed automatically before the move¬ 
ment of the lever can reach the operating contacts. 

At one point where a number of equipments were started last 
summer a newspaper correspondent described the operation of 
the brake as follows: 

“ The connecting beam was taken from the trolley wire several 
times and the car brought to a sudden stop with the electric 
“ brake alone, within three-quarters of a car length. And it was 
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‘‘not a sfiarp, jerky stop, but something as if the car liad run 
“ into a big feather tick.” 

The smoothness of even a sudden stop by the electric bmke is 
quite aptly described by this droll statement. It seems as though 
the ear was running into an air cushion. 

It will thus be seen that the brake is automatic and does its 
work without any special act or even the knowledge of the 
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motorman. He simply works a single handle back and forth 
and electricity “ does the rest.” Suppose the motorman wishes 
to stop his car, he turns off the current! by simply swinging the 
lever over to the right. This operation is made to automatically 
convert the motor into a special dynamo for generating currents 
at very low speeds, and also simultaneously^ cut off all conttec- 
tion with the trolley current. The b^kes are then applied by sim- 
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plj swinging the handle back over the path it has just traveled ; 
the farthei* it is swung to the left, the stronger the brakes are 
applied. The act of releasing or letting off the brakes again 
automaticallj re-establishes connection with the trolley, and re¬ 
converts the dynamo into a motor. Fig. 15 shows the switches 
used in part for the conversion of the motor, and, also the iing-er 
F mounted upon the lever forming a part of the alternate stroke 
operating device. The trolley brake-switch b is shown open in 
Fig. 14 and closed, with dimensions, in Fig. 16. The same rheo¬ 
stat and contacts are applied to control the motor while running 
the car, and also to control the slight amount of current gene¬ 
rated by. the transformed dynamo which is sufficient to bj*ake 
the train. 
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Tlie motormau cannot tnm on the current before the brakes 
ha™ been released, nor can he apply the brakes before the cur¬ 
rent to been turned ofE. This is a result of construction and 
eonshtutes a feature of merit in the new eleetrie brake, eff^inn- 
an economy in current and a saving in wear and tear. Freeing 
the eondn^or of all care in this connection, and leavinsr tim 
bratag of ae tram—inelnding trailer or trailers and'’all— 
solely m the hands of the motorman by placinff at hiR nn i 
a power with which he may with the'n^too^f 1 almXh 

his constitutes an important advance in the art of control of 
elpctric railway eq;uipment. contj ol ot 

It has been that the eleetriebrekeispraeticaliyinoauable 
of abuse by any motorman, an advantage whfeh never bXet: 
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been attained in any power brake, due to the fact above namedy 
that no amount of over-application can cause flattening of the 
yvrheels, or any harm whatever to any part of the equipment 
through their locking and skidding. 

The application of the brake, its regulation and also the mn- 
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ning of the car, all by a single operating handle, is a result that 
has only been accomplished by the closest application. It has 
involved much pioneer work, and been rendered possible through 
the use of new mechanical movements original with the writer. 


The principal moving parts are simple and durable, being only 
two in number. The arrangement may be easily seen in the 
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controller and })arts exhibited, as well as in Figs. 14, 15 and 16. 
The various portions of the controller have been subjected to the 
severest tests possible, one test made in ’93 consisting in 518,700 
consecutive brake applications without appreciable wear, the 
parts being in regular service at the present time. An indicator 
at the right side of the controller at the top (see i Figs. 13 and 
14) shows when the controller is in condition for brake, i»r is 
being so used. 

Operating the brake in this manner, it will at once be seen 
that the system is one of tlie utmost certainty of oj)eration 
surer even than the hand brake, air or other ])ower brake, from 
the fact that every time the ear runs, tlie motor, wlii<‘h is <lepended 
on for the braking action, receive.s a test, and its litne.sK and 
capacity for the next brake application is constantly being 
demonstrated. On the other hand, the niotorman nev'cr knows 
whether his hand brake is sure to operate when calietl upon for 
the next application. An accident came under the observation 
of the writer on Case avenue hill, in Cleveland. Here the last 
hand brake application was siiccesstul in every way, but before 
the brake was called into action again, a nut dro|)ped off from a 
brake rod upon the track, rendering the brake useless. The 
motorman continued to wind on his brake staff, ami before he 
realized what the trouble was, his car was going at a treinondous 
speed into a short curve at the foot of tiie lull. There were 
a number of casualties and also six demands foi* damages as a 
result. With the air or other power brake, this liability^to fail¬ 
ure is increased in direct proportion to the* coniplexitv and 
number of parts. 

The advantages found to result from the practical use of the 
electric brake as compared with former lirake systems; its quali¬ 
ties as an accident preventer, as well as its general commercial 
value, may be recapitulated as follows: 

1. The certainty of its operation. 

2. The enormous power at instant command and under nerfect 

control. * 

3. The absence of all power absorption at moneyed cost from 
the central station.; 

4. Its high efficiency, being far superior to compressed air* 
•amply proven in numberless instances where electi'icity ha.s 
replaced air. (The air requires a direct application of enei-Ln' 
amounting to an immense aggregate power-alisorption during the 
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day from the central station; the working parts of the air 
machinery are attaclied to the car a.xles and require a large quan¬ 
tity of energy, not only while coin pressing, hut at other tiinas as 
well.) 

5. Its extreme simplicity. 

6. Observed saving in wlicels, two to three-fold. 

7. Entire sa ving in brake shoes. 

8. Lubrication of brake face; very little wear of either wheel 
or magnet. 

9. Absolute silence of opei*ation and release. (No hissing to 
frighten liorses on streets.) 

10. The low E. M. F. at which, it operates. 

11. The ease of its application and control. 

12. Conserving strength, and prolonging the usefulness and 
life of the motormen. 

13. The 8mootbne.s8 of its operation. 

1.4. The fact that its use cannot cause Hut wheels. 
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Discussion. 

The Chairman :—I consider Mr. Sperry’s paper very iinitor- 
tant, as all electrical engineers must feel it lias been a reproach to 
our profession, that electric cars have killed so many people in 
the last few years. In fact, such accidents have been tmieli more 
fatal than those due to the direct effect of the electric current; 
that is to say, the number of persons Idlled by electric current, 
strictljy speaking, is probably far less than those killed by 
electne care which were not stopped in time. It seems to me 
that anything in the direction of alleviating this trouble is 
welcome, and something which seems to be so effective as this, 
is particularly welcome. Discussion of the paper is now in 
order. 

Mr. Joseph Wetzler:—I would like to ask Mr. Sperry if be 
has noticed any additional wear on the teeth of the gear,* due to 
the action of the brake ? In ordinary braking l^y hand, wlien 
the current is shut off the wear practically ceases. * But with tlie 
motor acting as a generator, the teeth would again come into 
action, the wear, of course, being on the opposite flanks of the 
gear teeth. 

Mr. Sperry:— In response to the gentleman’s question I 
would say that we have noticed no wear whatever, and the I’oa- 
son for it is this, and it is made quite apparent in Table III. If 
you will notice, in this table the currents mentioned are really 
the currents used in the braldng application, and they hardly 
moire than consime the stored up energy of the moving timsses 
01 the motor, i ou can see that the watts delivered to the bi*ake 
are very small indeed. The ordinary braking current employed 
to de-eneigize both the car and the trailer is only about fourteen 
amperes ; it is hardly anything, you see, compared with the cur- 
rent used to accelerate the same car and trailer, which would 
probably require 40 br 60 amperes. 

Mr. C. S. Chairman, Mr. Sperry has brought 

this out so well that I do not dare to criticize it, but I would like 
to ask him a question that occurs to me, and it is this; Does the 

over and 

bring m the motor current, and then 
thiowit back again, and in that movement undertaking to stoi> 

question this: Does the motorman throw 
the lever off a battle way and then throw it on again without ^o- 

My experieSe is that an fx- 

cited motorman will try to throw the lever over too hard 

through the end of the controller box if he ^ 

Mr. Bradley :—But a motorman, in the event of a irreat 
mergency and under excitement, is sometimes apt to make^two 
motions, one forward and one backward in snSo“ 
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Mr. Sperry : — I should think it possible, but I never knew it 
to occur, however. 

Mr. W. J. Hammer :—I would like to ask Mr. Sperry a ques¬ 
tion. Mr. Sperry speaks of the brakiuff eifect of the Foucault 
currents on the generator. I would like to ask him what his 
estimate is of the percentage which is due to the Foucault cur¬ 
rent. A little over two years and a half ago, when I was in 
England, I had the pleasure of witnessing some experiments 
made by Mr. Henry E. Walter, a member of the Institute, and 
formerly Chief Electrician of the Edison Machine Works, in 
Goerck Street, and afterwards at Schenectady. He made a bi*ake 
in. which he employed nothing but the Foucault currents gene¬ 
rated, and in the experiments referred to, magnets were sus¬ 
pended underneath the cars, placed close to the rail, and by passing 
a heavy current through tlieni he produced Foucault currents 
which he proposed to use solely for the braking etfect on the ear. 
That seems somewhat in line with the experiments which Mr. 
Sperry has been making, and, as he refers to the importance of 
it, i would like to ask him about what percentage of the bmkiug 
etfect he considers is due to that in liis brake. These experiments 
of Mr. Walter’s that I saw were only preliminary, and were con¬ 
ducted on a small scale. 

Mr. Sperry ;—I would ask the gentleman, in the experiments 
referred to, was the air-gap open ? There was no contact. 

Mr. Hammer No sir. 

Mr. SpEtiRY: —Of course the resistance there is something 
enormous. We have found that tlie rediuition of the resistance at 
the air-gap is a great noint in fully utilizing these induction cur¬ 
rents. Table III, in the paper, will give the exact percentage of 
any ]>oint on the curve that you may want. Taken at the knee, 
which occurs at 16 to 18 amperes, the pull due to magnetic ad¬ 
hesion is 160, and the pull actually obtained from both wa« 
ii,584. You can readily see that the Foucault currents here were 
by all manner of means the greater couiponent. Just what per¬ 
centage I have not figured. 

Tnifi Secretary :—1 would like to inquire of Mr. Sperry 
as to the reception which such a mdical change in the form 
of brake-shoe has received .at the hands of the railroad 
men who have been using the ordinary brnke-ahoe for so many 
years ? 

Mr. Sperry ;—I could better answer that inquiry by referring 
you to our sales department. The reception of it at the hands of 
engineers, wherever they have been found, has been very enthusi¬ 
astic ; but as to the average railroad purchasing agent,' he looks 
upon it as a brake-shoe that is liable to cost more than the ordin¬ 
ary brake-shoe, and he is a little afraid of it on that account, los¬ 
ing sight of the saving in wheels which is from two to three 
fold. The reception of the brake at the hands of the motormen 
has been very enthusiastic. There has, however, been one ex- 
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ceptioii. A motorman bj the name of Wm.. Kerslake, tJioiiglit 
it was a daiigei'ous thing, because if they put this kind of a bi’ako 
on all the cars the company would be hiring women to run 
them. It must of course be remembered that it tahes the place 
of two brake-shoes and a lot of brake mechanism. 

Me. Joseph Sachs: —I would like to ask Mr. Sperry some¬ 
thing in reference to Table III. I notice in looking tbi'ongh 
that table that the effects obtained from magnetic adhesion, or 
attraction of the brake-shoe to the magnet is but a small part of 
the entire retarding effect. It w^ould seem to be possible to en¬ 
tirely brake the car by means of a non-inagnetic armature, and 
simply use the currents generated therein to brake with. Ap¬ 
parently the greatest retardation is due to the l)rake magnet and 
shoe, acting as a dynamo. It would seem from your experi¬ 
ments that tile friction due to magnetic attraction could be dis¬ 
regarded. 

Me. Sperey I should say that such a thing would be per¬ 

fectly possible. Suppose these two circles were upon the two 
sides of the core, and suppose that was a non-magnetic material, 
where would you get your lines, to commence with? You will 
be obliged to have enormous current to get any cii'culation, 
and of course it is the lines of force that do the business 
after all. The air-gap there would be so great that it 
would be putting a coil of wire down against a magnet 
and expecting a heavy flux. Of course there would be hardly 
any appreciable magnetism. But as to the question, given the 
flux, and of course the retardation Would certainly be there 
has been shown. ’ 

Me. Max Osterberg I would like to add one, to the ad¬ 
vantages pointed out by the speaker which seems of rather strik- 
ing. commercial value. The authorities in a great many cities 
limit the maximum speed of the cars in the business districts to 
eight miles per hour, as with a higher speed sudden stops in 
^es of emergency become impossible. It would not be long be¬ 
fore the maximum limit would be raised, if we could convince 
those entrusted with framing the laws that with an electric-brak¬ 
ing system, cars running at ten miles an hour can be stopped 
quicker than at present running*at eight. There are about 2 fUM) 
cars running in mw York, and if every car can run ten instead 

20 per cent, or 

520 of the total number of cars can be done away with. Count¬ 
ing the wages of motorman and conductor at $k00 per dav it 
amounts to $2,600.00 a day, or $955,000.00, pretty nearly one 
million dollars per year, which tlie car companies in Kew 'York 
(Jity alone would save. 

Mr. Sachs i—The point I wanted to bring out is in regard to 

IT'"’ ^ a^kld before, liiotice 

supplied by the motor, is very 
smaU. The brake acts like a separately-excited dynamo the ev 
citing current being furnished by the motor. 
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The braking ettect of the motor thi'ongh the gears, when act¬ 
ing as a dynatho, is very small, compared with the braking energy 
of the brake magnet and shoe, acting as a dynamo. T believe 1 
am right in that supposition. 

Mb. BKAin/EV :—Mr. (Miairman ; this magnet seems to be 
something that I never have heard of before. I liave often 
thought of such a magnet. I wonld like to ask Mr. S]>erry e.vactly 
how the winding rnns; where is the coil located and where aw 
the terminals^ 

Mb. Stubby :—The coil is iirst wound in a large hoo|), then 
folded back upon itself and made t<.) snrT'omid the crescent¬ 
shaped core. The recess is contra(*te<l at the face, the (;oiI is 
secured in place liy a jilastic material surrounding same, the 
upper portion of tlie slot being tilled with metal forming a 
smooth metallic surface. The terminals are brought to the 
surface in the form of flexible wires one oF which is usually 
again reindiedded. 

Mb. Kobkbt MoA. Lloyd: —Mr. Sperry has given us this 
evening the result of an able research, and sliown us some ingen¬ 
ious devices ; but, Mr. (Chairman, they <lo not satisfy me that the 
brake problem is solved, and for three ])rincii)al reasons. First, 
it seems to me that this residual magnetism does not offer any 
security while holding a car on a steep gradient. fSecond, Mr. 
Sperry has said that this appai’atus is much less lial>le to disonler 
than file familiar mechanical brake, but it is not clear t<» me why 
electrical devices should be any more free fnun fault than me¬ 
chanical devices, and so I do not see why this brake simuld be 
more perfect than a windlass brake. Thei’e may be some troul)- 
le in the switch box, or some diflicnlty in tins motor itself, or a 
brush might be injured so that there would be no ex'citing cur¬ 
rent in the magnet. Then, in the third ])la(fe, when y<m stop the 
wheels you have not necessarily stopped the car, and a great 
many of the accidents which occur in our cities are becauMe the 
tracks are covered with a soapy kind of mud that will let a car 
slide along fifty feet. It is true, as Mr. Sperry has stiid, tliat 
most brakes ai*e not ca])able of locking the wheels, hut even if 
the wheels are locked on such a rail as we have in many of our 
cities, a car will slide a considerable distance, leaving grade out of 
account. So that in order to Jielp ourselves, we may have to 
pay more attention to the track, and to the wheels themselvej<; — 
a turned steel tire is of (sourse better foi* traction purposes than 
a chilled wheel. TJien we ought to have both a mechanical and 
an electrical brake on a car, because in going down a hill if any¬ 
thing should liappen to sncli a brake as this, you would be lost, 
and the same would be true also of a mccfianical brake. It 
seems to me that pressure might be a[)plied to these disks by a 
windlass, or some other mechanical (jontrivance, and make tlie 
brake Just as efficient as if it were held by magnetism. On the 
other hand, I would like to say in answer to one of the previous 
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speakers, that I do not think it would be practicable to use a com¬ 
bination of that sort as a generator,^ besides if yon are going to do 
that, yon might as well as well use the armature of the dynamo 
or the motor as a brake, and brake through the gears. Of coiii*se, 
that presents a great many difficulties, and it is not a good way of 
braking a car, the gears, liowever, not being the greatest source 
of difficulty. Then I would like to say that an improvement 
might be made in putting the disks on the armature shafts where 
there is gearing. I have tried some of tliese disk brakes and 
think this is by far the best one I have ever seen, and 1 believe 
Mr. Sperry will work it out to much greater perfection. 

Mr. Sachs :—I would like to answer the previous speaker in 
regard to using the motor and braking the ears by means of the 
gears. I think that is just the point tliat has been tried at var¬ 
ious times, and the point that Mr. Wetzler brought out. I think 
if a car weip braked by means of simply slioi’t-cireuiting the 
motor, or using it as a dynamo and retarding tlie ear throu^i the 
teeth of the gear, that in a very short time you would have no 
gears. I think, therefore, the principle that Mr. Sperry lias 
brought out is a much superior one. If the retarding effect of a 
current in a magnetic field is used, it is certainly better to olitain 
this effect as Mr. Sperry does, than by the motor itself through 
the gears. I think that the experience with the electric motor, 
usea as a braking dynamo, has not been very successful and I 
believe one of the principal reasons has been that the wear and 
tear upon the gears has been so great that your gears would not 
last. 


Mr.Frankland J annus :-^Mr. President; I have understood 
all through the paper of Mr. Sperry that liis device was intended 
to brmg a car to a stop, and there it ended. I supposed that he 
intended to have a mechanical brake in addition to this. For 
example, if a long hill is to be traversed, the electric-brake will 
stop the car, but then of course the raotorinan will want to use 
his hand-brake in order to hold the car. Is not that tlie 
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idea f If there is any way of using this device to let the car 

d(™, I think a little explanation of that would he very inter¬ 
esting. 

Mr. Sperry:— -Mr. Lloyd mentioned tracks covered witli a 
soapy kind of mud and the wheels of the ear sliding along fifty 
±eet, etc. I would like to call attention to the fact, that in all 
large cities where these conditions are likely to exist, the railway 
companies usually use sand to give the wheels better adhesion 

lielps on the brakes. For instance, to-day, 
for twelve hours, I have lio 
hfii- f the Prcmdway ^ble road near us, has used a nuni- 

^r of tons of sand. Mow of course their cars are propelled 
mthout traction of the wheels in any sense, still they use^ sand 

of mabng their brakes effective.*^ This is a 
lemedy commonly adopted ftr slimy rails, and without it there 
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are conditions of track where Jio brakes would be of service. Tlie 
ordinary liand-brake may l)e used as a dn]>licate brake apnamtns 
if required. I have, however, yet to .sec the tinst man wlio will 
wear Jiiniself out on the hand-brake, wl>en he can brake the car 
by simply pushing the lever and allowing electricity to do his 
Avork. As to the certainty of its acting, sus I .said in my paper, I 
do not see how anything can be more certain; every time you 
apply the current you necessarily te.st its capa(iity for the nc.vt 
brake application. In the thousands of mile.s per day that tliis 
brake is now running in this country, 1 do not Know of a single 
failure. If a car will not rim, it should be put in order, hut if it 
runs, it brakes. As to coming down hills, that is doubtless a 
point that I have nut made clear. The brake will not make a 
full stop unle.ss yon want to stop. We are operating on a loiigand 
steep hill (a mile and a (quarter, I think) in VVaterlMiry, Connecti¬ 
cut, not far from New 1 ork (!ity, and if anyone is sutticiently 
interested in its operation he may go iqi there and ride all day up 
and down the hill, and he will see that it perfoi’ins its work well. 
The point that 1 have not made clear, I believe [illustrating with 
the apparatus,] and one which you can readily understand, is that 
I can hold the amperage in the brake circuit anywhere I choose 
hy .simply manipulating the lever thus. When I apply the brake 
I'will now cause it to hold the amperes at some given pla<H\ and 
that means that the car is retarded at a certain nite or pace. | Il¬ 
lustrating]. Now you sec 1 hold it right there. 

Mu. Jannus :—Suppose tlie car has come to a full stop on the 
hill, what then i 

Mr. Si*kuuy :—As I said in the pajier, the residual magnetism 
producing current, will hohl the car for a time ns you can see, 
and perhaps you <lid .see the last time; this is very much more 
marked on a large motor than on this one. [Illustniting.] Of 
course the hand-brake is on the car if you wish to hold it indefi¬ 
nitely. 

Mr. E. a. MKRRir.ii:—I. would like to ask as to one point. 
About two weeks ago I was in an Eastern city where there are a 
number of grades. They were running two motor cars, pulling 
three trailers all in one train. Near the top of an eight per cent, 
grade the fuse lilew on one of the motor cars, anil the other 
motor car was not able to hold the train, which started back 
down hill. Now I would like to ask Mr, SSperry what would be 
the action of the electric-brake in a case like that ? 

Mr. 8pkrry —The electric-lirakes work e<|ually well after 
the fuse has blown. The blowing of the fuse in the case cited 
would not have made any ditTereriee whatever witli the electric- 
brake. 

Mr. Merrilc :—In the case I refer to, they caught tlie train 
and held it by the ordinary hand-brake. This was an eight per 
■cent, grade, running up to* nine per cent, at the top. There were 
three trailers attached to two motor cars, the two motor cars act- 



716 


SPEBRr ON THE ELECTRIC BRAKE. 


[Sent. 1(1^ 


ing in conjunction. My question is, what would have been the 
result if they had liad your electric-brakes and found that tliey 
were useless to hold the train ? 

Mr. Bradlky :—The motion of the ears in itself applies this, 
brake. 

Mr. Merrill :—My point is this. This electric-brake 
will undoubtedly stop the train, biit how are you going 
to hold the train on a grade like that after you have stoppeil 
it ? 

Mr. Sperry' :—That depends on liow long you Mush to sto|),. 
and has been before explained. 

Mr. Merrill :—Also, can that brake be used on an ordinary 
emergency stop? There is a great difference between the emer¬ 
gency stop and the ordinary stop. In an ordinary stop it is of 

t reat advantage to have the adhesion increased as the speed 
ecreases; that is, to have the brake j^ressure dec revise. In an 
emergency stop it is very necessary for that adhesion to re¬ 
main constant or to increase. ISTow with the electric-brake the 
stop is very gradual; the retardation is practically unifoinn. 
With the hand-brake or with the air-brake you can hold the 
brakes set, and the stop becomes relatively liiore rapid as the 
speed decreases. 

Mr. Sperry :—In reply I would say that it is in emergency ser¬ 
vice that the full beauty and effectiveness of the electric l)rako is 
brought out. By its use the car can be brought almost to rest 
before the motonuan can get the slack out of his hand-lmake 
chain. There is nothing more instantaneous than the electric 
brake. There is no appreciable time lost. You see, the motor- 
man puts it on instantly, and there is no time lost in winding iij) 
the slack chain as in a hand-brake as stated; 

Me. Sachs :—I should like to ask another question; Wlmt 
would happen if the raotorman suddenly stopped his ear on 
a down grade, stopping the wheels, so that the motor generated 
no more current, would^ not the retardation cease and the car 
start again ? I would like to know whether the hand-brake 
would not then have to be applied, or whether the electric brake 
would take care of itself? 

Mr. Sperry :—Such a condition cannot exist. If the wheel 
stops, very little or no current is then circulating in the brake 
circuit, and the wheels start again to roll, and the generator to 
produce the braking current. 

Mr. Sachs i ^Under the above condition, if the speed is very 
low, perhaps the motor would not generate cuiTent enough t<> 
ener^e the brake sufficiently, and the car would continue mov¬ 
ing down grade slowly. 

•—It is entirely automatic. It will generate and 
stop itself at very low speed, hardly moving. 

Mr, Sachs :—Is it not possible for the wheels to skid alona: for 
a few feet? . 
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Mk. Spkkky :—No nir. 

Mk. Sachs :—Then I understand yon to say that you cannot 
hold tlie ear on a down gnide witli your electric-brake alone. 

Mk. SviOKKY :—Oh, yes, we can. I illustrated that a few nio- 
inents ago. 

Thk On airman: —I think that this point lias been pretty well 
•discussed, and the hour is <piite late, lint if tliore are any fur¬ 
ther remarks mi some new point that has not yet been brought 
ont, we should be glad to hear them. 

Mr. Mkrrili- :—I would like to ask one more ((iiestion. There 
ai'e a great many statistics showing the s})acc within which a ear 
can be stojiped with various lirakes. I would like to ask Mr. 
Sperry if he has any statistics of that sort by which his system 
can be compared with other .systems in use. 

Mr. Spiorrv :—The Westinghonse air-brake jicople from their 
latest tests, give data showing that they only utilized about four¬ 
teen per cent, of the available adhesion of the mil, whereas 
we utilize it nearly up to the limit. I judge from this that 
Avith a given sjieed we conhl stop in say less than one-fourth 
of the distance that they reipiire, or did rc(|nire in the tests 
named. 

The Chairman: —If there are no further remark.s, a motion 
to adjourn will be in order. 

I On motion the meeting then ailjouriual,] 


Comm un I <!a'I'i< »ns 11ic< iki \' i-:i» A rr k it 


AlUorUNM ENT. 


Mr. E. a. MKRRiiii-:—It is to be regretted that M«r. Sperry 
has made no tests to determine in what distances cam can lie 
brought to a standstill under given conditions of weight, speed 
and track, and especially for emergemw stops, for this would, in 
the minds of practical men, go far in determining the merits of 
the system as compared with other methods. Also that we have 
no definite information as to its ability to (Muitrol cars on steep 
grades, as this question is one of the lirst to arise wherever 
grades occur. I think M r. Sjierry has failed to make |)roper allow¬ 
ances, in his comparisons with the Westinghonse tests, for the 
two principal factors of weight and speed. In stopjiing the car, 
a certain amount of energy must be dissiiiated, and it is evident 
that there is a limiting rate per ton weight, which cannot be ex¬ 
ceeded without hazarding the safety of the car and passengers; 
it is quite ])o.s.sible not only to reach but to exceed this rate with 
the Westinghonse air-bralie for any speetl we meet in street niil- 
road practice ; therefore, injtml /or aperd and wrdjht for wrUjht 
an electric car cannot safely be stopped in a less distance, the 
present liinit for an HOb-ton train from I’O miles per hour, is 
•about 325 feet on an emergency application ; with a correspond¬ 
ing rate of energ}' dissipation per ton weight, an allowance of one 
second for shutting off the (uirrent and applying the brakes, the 
“distance required for liringing an 8-ton electric car to a full stop 
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from an initial speed of 12 miles per hour is 39 feet, or a little 
less than one-eighth the former distance; such a comparison, 
however, is manifestly unfair, for the 800-ton train can also he 
stopped in 39 feet under similar conditions, and the 8-ton elec¬ 
tric car will require 377 feet for a full stop, from an initial 
speed of 30 miles per hour; if the rate of energy destimction 
were greater, of course this distance would he less. 

Mr. Sperry :—Having noted the above communication, I 
would add that the tests mentioned in connection with emer¬ 
gency service are given in the general statement found on top of 
page 685. The limiting rate of energy dissipation does not seem 
to trouble railway managers very much for strictly emei’gency 
purposes, and certainly cannot be more severe than reversing tlie 
motor under full speed, which is almost a universal practice in 
cases of the most urgent necessity. The statement that electric 
cars cannot be safely stopped in less distance than ordinary rail¬ 
way cars I have .found not to be true, and probably for tile rea¬ 
son that the strain is not required to be transmitted through the 
swiveling bolt, or bolster of the truck high above the wheel con¬ 
tact upon the rail, which has been foijnd to be tlie first place to 
give way in emergency stopping in railway service. On the 
street ear the masses are more resiliently supported, especially cm 
the four-wheel car, where the stripping of the car body from tlie 
truck is a far more difficult matter tlian with the swiveling truck. 

I have found in practice that an emergency stoj) with the elec- 
tnc-brake can be made under the conditions, and within practi¬ 
cally the distances named in the paper. The easing off of the 
cmve of retardation at both ends, making it an o. o. curve rather 
than a ^mght line at a declining angle gives by far the easiest 
stop. Tins curve I have found is the one naturally produced by 
the electnc-brake, and is probably the condition w'hich yields the 
sensation of a cushioned stop. 

A :—I think wdthout iieradventure of a 

doubt that the paper as read by Mr. Sperry is one that covers a 
^bjectwital to fhe interests of every electric raihvay manager, 
ihe question of the proper braking of. a car should really bo 
viewed from an emergency standpomt, and furtlier, the form or 
method of byakmg employed, should be such that it be always in 
use and not known as an emergency brake ? The present in&iod 
reversing a motor in case of an emergency is absurd, and usii- 
ally results in opening the magnetic circuibbreaker at the power 
station controlling the particular division the car may be on, or 
® t probably springing shafts. The above results 
Ttsstf? particular instructions are given to motormen 

ever to reverse, except in cases of extreme emergency, as for 

The recent Jd 

n?cSiv engineering, which now make it 

cut-outs on the feeders leading out 
from the switchboard of our power stations, has rendered it abso- 
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lately necessai'j to have otlier inetliods of stO];)].)iiii? onr cai*8 witii- 
out depending on the powej* Htation foi* so doing. An accident 
occurred recently at York, Pa., where a life M-as lost, sim'ply be¬ 
cause the luaguetic cut-outs ojiened at the power station when 
the motor cii'cuit M^as rever.se<l. I mention this ease particularly 
as it had the rather peculiar effect on the local inanageinent of 
their consideiing the udvisahility of going hack to the unniliable 
and station-destroying fuse-wire of aucieut history. The fn<‘ts 
are so iminerous and so convincing that the braking of a car 
should he self-contained and entirely independent <tf the power 
station, that it may be considered axiojnatic. The abrjve position 
is further emphasized when we consider the fact that in the next 
two years it will be as common to see magnetic cut-outs on our 
cars, as it is at jnusent to see stich devices in our |)ower stations. 
I think that the plan and method as emphwed by Mr. Sperry are 
correct and practicable, and after a few minor (letails not ilisur- 
inountable, are overcome, or rather remedied, the system will be 
coinmei'cially siujcessfuI. 

Mu. JosKPU Sa(ju 8 :—There is one. point in reference to the 
form of electric brake, desciabed by Mr. Spcu’ry, which wouhl 
appear to be more or less <»f an (d)jeetion under certain coiuli- 
tions; that is the fact that it is impossible to completely sto]» the 
car for any length of time on a down grade by simply using the 
electric brake as herein des(iribed. During tlu; discMisKitm at tin* 
meeting of the I nsti'I’iitk I attempted to bring out this [loiiit, but 
it appears to me fi’om the auswei’s made by Mr. Sjx'rry to my 
questions, that I was imt properly understood, 1 assumed a <;on- 
dition where an obstructimi made it necessary for the motonnaii 
to stop his car instantly an<l hold it on a down grade, but 1 could 
not see how this could be accomplished with the form of bmke 
described. It is true that the car can be brmight to a .sfophy the 
arrangement Mr. Sperry <lescril)es, but 1 can see no way in \\ducli 
it can be held on a down grade Muthout the use of some addi¬ 
tional device. After the car has been br<mght to a stop l)y 
changing the motor into a dynamo, and' throwing it across the 
brake magnet, the retardatioii, of the brake will also he sto|>jK*d, 
as no more current wall then be generfite<l by the motor. As a 
natural consequence, therefoi’C, the car will start again and stop, 
start again, and stop, and so on until it gets to the bfjttom of the 
grade, or, perhaps, after the tii*st stop, will rim down the gmde 
at perhaps such speed as to prevent enough current being gen¬ 
erated by the motor to effect sufficient retardation in the bmke 
to hold it. It would seem therefore, to me, that in case of an 
accident under tiie conditions given, that it would become an 
absolute necessity to provide some means whereby the car 
can be held any length of time. It is, true that this ean be ac¬ 
complished by applying the liand-brake after the car has been 
brought to its first stop, but this would seem to be objectiouable. 
It would seem to be a simple manfier to so arrange' the brake 
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that current could be supplied to it to hold the car under any 
conditions. "While I think that Mr. Sperry’s device of the 
greatest interest aiid value to electric traction, it would seem 
tliat the feature which I have described would be an objection 
but one which could no doubt, readily be obviated, even without 
the use of the hand-brake. 

Me. Speeey :—The gentleman is referred to previous answei*s 
in the discussion. 

Discussion in Chicago. 

The meeting of Western members was held at Armour Insti¬ 
tute, Chicago, September 19th, 1894. 

Professor Stine having read a telegram announcing the appoint¬ 
ment of Mr. B. J. Arnold as Secretary, IVIr. Arnold after a short 
address, in which he thanked the members for their support, 
announced the first business to be the appointment of a chairman 
for the meeting, and suggested the name of Pi-ofessor Stine, who 
was unanimously elected. 

The Chaieman: —I will call your attention to the paper pre¬ 
pared for this evening: The Electric Brake in Practice.” In 
the absence of the author, Mr. Elmer A.. Sperry, who is read¬ 
ing the paper at the New York meetings to-night, Mr. L. IT. 
Rogers, the General Manager of the Spei'ry Electric Company, 
will read the paper for us. ' i • 

The Chairman :—The paper is an exceedingly interesting one, 
and I am sure that we ought to have a full and interesting analysis 
of it, aM I will call on Mr. Kammeyer to open the discussion. 

Me Gael Kammeyer My familiarifj with electric railways 
18 so slight that I do not feel exactly eonuDeteiit to start this dis¬ 
cussion. The paper has been of great interest to me, and 1 can¬ 
not help seeing the importance of this sub|eet. I also admire 
the especially able manner in which Mr. ^Jperry seems to have 
solved the problem, and it seems to me that if 1 liad an electric 
railway, the first thing I should do would be to order one or two 
of these brakes for each ear; perhaps one would be enough. 
Mr. Grier here wants to know-he didn’tlike to ask the question 
hi^elf—whether that would not be a good device to let a car 
slide down hill. Would it not be a good idea to let a ear go 
down in that way ? ^ 

fas^** —Yes; if yon did not want the car to go very 

ago the question of automatic 
makes m connection with the inclined plane railway upon which 
many CMcago people, ride after “ehooting the ihute">^wae 
brought to my attentiou. We put a bralfe on thetrwk, bi,t 

it seems to me, if vre 

had a b^e of that hnd on the car, if the cable slionld snap the 
car could go down only just so fast, beoanse when it began^to go 
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faster, the brake would become stronger and stronger. When 
the brake caught, the car could only go at a certain speed, and 
when it reached the Ijottom, it would drop as if it were going 
into a feather tick. 

The Chairman:—I t occurs to me that this device might be 
capable of extension to an elevator in its fall. I presume it 
might be worked by tlie use of an independent device. 

Mr. Kammeyer:— 1 think Mr. Arnold would be very compe¬ 
tent to enlighten us upon tliis (piestion. 1 recollect that he had 
a device somewhat similar to Mr. Sperry’s. 

Mr. B. J. Arnold I have given this electromagnetic clutch 
question some study, and some time ago devised a plan for at¬ 
taching direct coupled generators to their engines or other prime 
movei‘8 in such a manner as to alhiw any one, or all of the gen¬ 
erators to be driven from either ])ower unit, and I presume that 
this is what Mr. Kammeyer refers to. The form of electro¬ 
magnet wiiich has been described here this evening is similar in 
form and action to that device, although it is a|)pli'ed to a diifer- 
ent use, so there can be no real similarity in them. I recognizo ‘ 
in this brake two main part.«, as followsFirst, the motor mider 
the car, which becomes a generator when the brakes are applied, 
and, second, the electromagnet or .coil, whose function is to ab¬ 
sorb tlie energy jiroduced by the motor-gem rator and utilize it 
toward overcoming the momentum of the car by gripping or 
clasping the revolving disk on the car wiieoJ. 11. seems to me 
that the retiu’ding eifect caused by the drag of the armature on 
the wheels after the motor has been converted into a generator 
should bo a sulKcient brake without the use of the electromagnet 
at all, unless the magnet is nsed simply as a resistaime or reservoir 
as it were, to consume tlie current generated by the armature, and 
prevent its having to work an open circuit. 1 presume that Mr. 
Sperry has discovered other practical objections to working the 
motor on open circuit, tiuui the usual one, wliich is the serious 
sparking at the brushes, ami has adopted the coil to eliminate the 
difficulty. 

Mr. lioGERs:—The generation of the current is excessive, and 
tends to heat the armature to (juite a considerable degn o, when 
you attempt to stop the cars through the gears alone, and then 
the wear on the gears and pinion is considerable. It will do- 
ad mirably. Yon can stop the car just as quickly that way as 
you can do this; but the point is to get the electromotive force 
and current as low as possible, and get the maximum braking' 
effect. ® 

Mr. AitNoi.D:—The idea is, that this electromagnet shall absorb 
the energy from tli^ armature and assist in braking without put¬ 
ting the entire work on the armature and gears, as I understand 
Mr. Eogers. 

- Mr. ItoGEKs:—Yes, that is right. 

Mr. Arnold :—There is another thing which must be seriouslv 
considered by any one who is contemplating the adoption of elec- 
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trie brakes for railway purposes, an<l tliat is tlie relative cost of 
luaintainiug this brake in comparison with the cost of other 
bralies. It strikes me that the cost of maintenance would be less 
111 this brake than it would be for brake-shoes and wheels • but I 
can see ill this apparatus some dolica(?y, inasmuch as the sWion- 
ary and rotating disks must revolve very closely together. It cer¬ 
tainly 18 a first class thing in tlie following respects: It is de- 
jpendeiit upon no external power; it is not dependent noon the 
trolley in any way, and the latter point alone removes the worst 
objection that has lieen brought against other electric brakes 
iiaiiiely that in case o1 an emergency, when you want the brakes 
badly, they may beconie wholly inoperative if the curi-ent should 
be .cut off tlie line, or the trolley wheel leave the wire. There 
have been a number of electric brakes (ievised uvioii the nrin- 
ciple of iising the current from the trolley; but they are obiec- 
tjonable tor the aliove reason, and amount to no brake at all in 
an emergency , 

There is one objection which it seems to me might be urged 
against this brake,and that is this:—Suppose an armature should 
become burned out so that your generator is disabled. In case 
of an emergency stop, you would have no brake except by hand 
XJowever, m jiustice to the apparatus, it should be stated that this 
would be very mihkely to happen, and not nearly so likely as the 

liability of the trolley leaving the wire or the current leaviiuj-the 
lino. r* 

Mr. Eookhs:— If the armature were burned out, 1 do not think 
the car would lie going at a very high rate of speed. 

Mu. AiiNOLD i—lt miglit be going down hill. Tliere is anotlier 
thought occurs to ivie in regard to going down the eliute or in¬ 
clined plane referred to by Mr. Grier. I hardly think this brake 
would retard the ear enough, because the grade or incline is so 
great, that were tlm wheels to lie skidded, there would be but 
®*'*^**’^ retarding effect upon the wheels, and the car would slide 
<Jown anyway, as tlie adhesion of the wheels to tlie rails would 
not bo sufficient to prevent it. 

Mu. Kooeus ;—What is the grade '< 

Mu. Guier :—Twenty-five per cent. 

Mr. Arnold; You can see that the cars would go down 
there, brake or no brake. 

3^r. J^xi-KRsThis is not a brake for sudden drops 

Mr, Grier Take the viaducts in this city. Sometimes the 
the cars have a very heavy load. They have sometimes 260 people 
•on the motor car and the two trailers, and sometimes more. How, 
that 18 almost enough of a load to cause an accident by the burn- 
ing out of the armature if anything is defective, which would 
make the motor meffective, inoperative, and the car would begin 
to slide backwards down hill. IIow would you stop that? 

Mb. Rogers :—If the source of power is disabled, there is no 
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Mk. GrRiER:—You always have the liaiid-hrakes there. But 
on the viaduct at ‘Sixty-tirst Street, during tlie AYorld’s Fair, if 
the armature had burned out goinjj; up the hill, it might have 
been very disastrous. 

Mb. lioaERs:—Some cjities are compelling two brakes now on 
electric cars. In Cincinnati they compel two brakes on each ear. 
On one of the hills there, a car ran away and hit a telegraph pole, 
and the pole cut the car in two and killed several people. 

Mr. Grier: —What happens if the fuse connected with the 
control blows out ? 

Mr. Rooers: —There is no fuse in the local circuit, i will 
say here that the au.xiliary brake that they adopted in Cincinnati 
would make an interesting picture. It is a long rod with a piece 
of hard wood on one end of it, held liy a nut and washer. The 
conductor is compelled to stand on the rear step when going up a 
grade, and at every stop of the car he is expected to get off and 
shove that under the rear wheel. That is in Cincinnati, a city 
of 300,000 inhabitants. They operate 500 cars on that system, 
and yet that is what the conductor is compel leal to do. 

Mr. Grier :—That is the old device of putting a chunk of 
wood under the wheel to prevent its slip|)ing. 

Mr. Rogers: —The conductor’s duties are ])rescril)ed minutely, 
and he is required to put that log under the rear wheel. He is 
not allowed to collect fares when on the ^rade. 

I will just state that we sold one ot these equipments, and 
after they had tried it they would not allow the brake to start in 
service, giving as a reason that it was a perfect device, and the 
Oouneil would compel them to put one on each of their 5(»0 cars. 
They would not even let it start. 

Mr. Kammeykr :—You speak of a low voltage being employed, 
as low as six volts. I take it that the only magnetism used is the 
residual magnetism of the held of the motor. Is it not '{ 

Mr. Rogers: —All you want is to generate enough voltage to 
send that current through the wire. 

Mr. Kammeyhr: —It would seem that after cutting off the 
trolley current, the car would still have enough speed to give 
you certainly more than six volts. 

Mr. Rogers:—T he residual magnetism of the field is all that 
is used. 

Mr.. Caldwell: —I think the low voltage is due to heavy re¬ 
sistance in the rheostat. 

Mr. Kammeyer :—It goes through the rheostat ? 

Mr. Rogers :—Yes. If it depended entirely upon the residual 
magnetism, that would necessitate cutting the field out, and leav¬ 
ing only the armature in circuit. 

Mr. Arnold :—I would like to ask Mr. Caldwell what the 
E. M. F. of this motor is, when converted into a generator and 
run at a speed of five miles an hour. Does it generate enough 
voltfitge to pump any current back Into the line, if you gave it 
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au opportunity; Wo have talked and diean.efl about the nm. 
8ibi It,y of givmjr hack energy to the line on elect™ roads hut 
ive have never yet (lone it practically on city aervice, and" here 
aeeins to he a pretty ^(xal chance to see whether it can he dom* 

. CALDWKLr.:—! jim pretty certain that it could not ho done 
free ^*^ from, the fact tliat we cut tlie trolley line entirely 

Mu. Arnold: —Suppose you left it on? 

l^fu. Rookus: If it were connected with the trolley at all 
would not the lar^-er potential sway as it were '{ 

Mu. Arnold: That is the point. I (lo not thiidc that it can 
generate a strong enough u. m. k for a sufficient length of time 
to be elfective when series motors are used. 

Mu. Rookus:-- It would Ije necessary to go above 500 volte ' 
and I do not bebcjye it possdtle to generate more than this 
1 uoF. bTiNK:~It would have to run faster as a generator than 
It did as a motor. 1 would like to ask the question whether yon 
would like to state just how much wire is buried here in this 

brake coil, (.an you ? What I want to know is the number of 
ampere turns. 

+1 "dlj make a guess, if Mr. Oaldwell will. I 

^ *1!' about (»0 or i() turns of No. lo wire. I can o-et it ex 
actly for you. ^ 

IhKu.' k^TiNK:-™Armther thing. In the swinging of the Imike 
do you have any spring to ensure contact when not in use, or to 
kee]) approximate contact. 1 would like to a.sk inst here this 
questioii: How tar away the brake can swing fr.iiii contaijt with 
effective? What is the greatest distance'? I am 
^ end play of the axle. How do you (‘nmpoiisate for 
that to ensure the tact that the brake will be close enough to the 
wheel and through what maximum distance will that bmke 

Mh. CAi.mvKr... :_r eoidd not my wliat is the maximum 
distance It would work tlirougli, but in my experieuee I liavc 
had the face of the magnet removed almost a quarter of an inch 
troiri the wheel. Iliat was due to tlie collar on an axle having 
become loose and slipping off a little and allowing the magnet to 
fall awa,y. Now it would act effectively over'that space aiul 
draw the magnet right up to the wheel. ^ 

PuoK. Stinm Is it so swung that its own weiirht will keen it 
up against the wlieel ? ^ 

Mu. Eoubus :—-No. It will keep it away. It is a little out of 
center, so its own weight will tend to keep it away. 

inch^allowedT^' is never a maximum of a quarter of an 

Mu. Cauiwbll :—^No. 

Mu. ItooKUs :“~I think we have allowed one-sixteenth. 

Mr. tTUiKu:--Haye you any data as to the cost of replacing 
wheels when using the ordinary brakenslioe ? ^ 
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Me. Rogees :—Do you mean, wliat will new wlieels cost? 

Me. Geikk: —When yon ride in a ear which lias been some 
time in service, you will hear tlie tlunnp, tliunip of* the Hat wheel. 
N^ow, of course, the replacing of those wheels is an expense. We 
have been examining this bmhe as to its electrical and mechan¬ 
ical construction, but it is important to examine it in its com¬ 
mercial aspect. The very point you will have to bring to the 
attention of those people in Cincinnati is this: Yon use bralce- 
slioes on your cars; yon will have to buy 500 of these erpiipments, 
if the Council find that they are the best thing in the market. 
Kow they reply that they can’t stand the expense; and if yon 
can show them tliat the cost of replacing wheels worn out by 
the action of the ordinary brake-shoe on the rim, aiid the cost of 
replacing the brake-shoes is more than the investment required 
to put on these new brakes, you will put the matter iu a veiT 
different light. 

I find tliat a car runs .55 miles a day on the average,, and they 
make 400 to 500 applications of the liruke-shoe. N<»w, the wear 
and tear is considerable ; the grinding is considerable, and I s’leidd 
judge from riding over old equiinnents in Chiiiago that the wear 
on the wheels is considerable, and it seems to me the^e consider¬ 
ations would more than offset the cost of new brakes. 

Me. IloGEES:—That is one of the ad vantages of th * now brake, 
but I learn in dealing witli these [lartios tliat it is very hard to 
convince them that some new way of sjiending money will be 
advantageous. They become accustoiru'd to the expeiuJitnre of 
money iu a certain way; the expenditure of it for wheels and 
brake-shoes is a known quantity with them, and they ) refer to 
pursue the even tenor of their w'ay; and that old* argument 
must be presented in a very empliatic manner, before it will 
have any weight with them.' 

Mr. Griku;— While any advance in electrical .science is of 
advantage to the public generally, yet it is aho for the welfare 
of the electrical profession ; and when we know of a goc<l tiling 
such as this, we should have such data as will enal lo us to present 
forcible argument to others for the adoption of the improve¬ 
ments. In pushing such things forward, we are indirectly bene¬ 
fiting ourselve.s, and we should ho able to present our case 
strongly. Now, if in discussing this particular matter, wo could 
say to a man that it cost $2,000 or a year to replace car 

wheels, and we have an electric device that* will save a great 
part of that, we shall make a good point. We are not interested 
pecuniarly in this brake at all, but we are interested in the de¬ 
velopment of the electrical husiness; 

Mr.^ Rogers : —That was one of the main points in Mr. Sperry’s 
mind in developing this brake: the saving of ear wheels. 

A Member ;—Car wheels do not cost very much now. 1h2y 
are pretty cheap. 

Mb. Rogers : —The saving in the wheels is said hy Mr. Brad-^ 
ley, of Waterbury, Conn., to bo three-fold, lie writes to onr 
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company—he has seventeen of these e:]uipnient8 and thirty-four 
brakes-^and states that it is his candid belief tliat the wheel will 
last three times as long, using this electric brake instead of the 
ordinary hand brake. 

Mk. -Gbiek :—Another item of cost sometimes lost sight of is 
the cost of changing. It always costs two or three dollars to re¬ 
move the old wheels and pat the new wheels on. 

Me. Rogees :—The men in this city wish to have it demons¬ 
trated on their own lines before they are satisfied. The saving 
of money for car wheels is an old story, and it does not have the 
effect it might at first be expected to have. 

Me. Elbeet F. Noeton:—M y knowledge of street railway 
practice is extremely limited, but there is one point connected 
with the paper which has not been commented upon, and it is 
one which 1 think would appeal very forcibly to a railway com¬ 
pany ; that is the point of emergency stops. Take orm accident 
—of course the price paid is never publicly known—but a person 
may recover $5,000 damages, and it would seem to me the sav¬ 
ing of. that .$5,000 would purchase a considerable number of 
these equipments. 

De. w altee Lobach :—I wish just to refer to the question 
whether it is possible to send from a current of 500 volts, energy 
back to the same line which furnished the current for the motor. 
I believe that it is well known that motors which are run at a 
certain speed to give a cei*tain amount of meclianical energy, 
when used as dynamos always need much higher, speed to fur¬ 
nish the same voltage. If one is using shunt motors it may be 
possible by increasing the strength of the field to increase the 
tension so much that current is flowing back to the line, especi¬ 
ally if there is added a new source of energy as is the cwuse when 
ears are descending hills. 

Me. RooEEsi-r-l was about to suggest that if it were possible 
to put some “ juice ” back into the line from each moving car, 
if we had a system of that kind and provided enough cars 
and a sufficient number of hills, some erratic “Peniiock” would 
evolve a system of street car propulsion without any generating 
station at all. 

Peof. Stine :—There is one thought occurs to me in regard 
to the desirability of using a portion of this energy generated in 
this machine when it becomes a motor. It stiSkes me that the 
mean effective pressure would exist for such asraall period of time 
that it would be utterly^ impossible to think of attempting any 
such plan. It would strike me that there is but a moment when 
you have that effective pressure, and without some new scheme 
of distribution I believe it would be impossible in, any case to 
utilize it for that purpose. 

Me. Kammetke: —I do not think that any engineer will claim 
to-day that a 600 volt motor when brought to a stop, or virtually 
brought to a stop, is able to pump any current back into a 500- 
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it It, soeuifi to ine that the counter is. m. f. that ainotor 

i^'dop.s, would net as resistance to.the flow from the trolley, 
ere is no douht about that. And whether that would be a 
in or not 1 do not exactly see. It seems to me that it would, 
.‘.ause it would ai^t as a re.si.stance. 

ruoi-'. Stink: —I thiidc that unless the volts were seusibly 
euntliened, you (?oul<l never ^et up a j»;reater pressure than 
ssihly tini {)or cent. les.s, say 450 volts. 

I would like to ask for some further information as to the part 
!i.i;'ne<l to the lAmeault currents. It seems to me that a very 
vh efliciency is claitmal for them. In Table HI of magnetie 
lieshui or traction, the pull due to magnetic traction or adhesion 
^ivrni in the fimt case as 7.(1 pounds. Now am I to understand 
it the 125 pounds given in Column B is what is actually 
tained with the brake, or that the excess pull between those two 
tine to the Foucault currents. I have not taken the pains to 
cipher it very carefully. 

Mu. IvooKKs “'Phat is my understanding of it. 

IhtoK. Stink :—-I do not understand it. I do not attempt to 
.?pute the flgurcH, hut it seems to me to he enormous. 

Mu. UooKiis:—-On page 701 Mir. Sperry attempts to answer 
tit. lie says : “ l»y reference to li’able III the result in re- 
'ardation gained through the eddy or other currents may be 
[ilainly wum, Column A indicating the retarding effect which 
^houli’l be exjiocted from a friction co-effleient of lo per cent, 
itetween the lubricated surfaces due to magnetic attraction of 
the lines actually circulating, and Ciduinn B indicating the 
vaiues of retardation actually oimiined on the dynamometer.’” 
Buof. Stink: —Now it soonis to me that it is a question some- 
hat Himilar to the old one that came up when it was claimed 
lit you could get lietter traction from a car using the single 
olley }>assing through the wheel to the rail. That 

eory was virtually smiled down, but I declare that these results 
tun ’ to allow that there is something more in that than was 
lowed. Of course, the Foucault currents that would result 
c»m the fluctuation of the current might play a greater part 
tun we imagine in traction. 

Mu. liofiKUH I think the conditions are different. 

Prof. Stink :--Tliey are different, but they have a similarity. 
;Mr. Rookrs Increased ti*action due to connection between 
10 mil and the wheel, as yon say has been smiled down, but it 
great if the mil is magnetized. , -. , 

Prof. Stink :—I do not say that there is much of it, but these 
.hies would lead us to give more credence to those claims than, 
iis been given. But as I understand it, you get your iron in 
>ntact and the Foucault currents do the rest. 

Mr. liooKUs; —Yes. But consider the amount of surface 
lore as compared with the impact of the wheel against the rail, 
'hie.ii is almost mfluitesinml. 
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PiiOF.bTiNE:—Ion can’t compare tliein ; tliey are out of all 
nitio. I Biraplj wanted to know why tlie part 'played bv the 
Foucault currents seemed so hirrh. There miirht be a a-reat deal 
said about this device. If siuu'essful, it would seem likely to do 
nil* tiie electric service, Mdiat the Westing-house air-brake did for 
the steam service. « lur 

[Altera vote of thanks to Mr. Itogers for the paper of the 
evening, the meeting adjourned.] ^ 



THE AMEEIOAH INSTITUTE OF ELEOTEIOAL 

ENGINEEES. 

New York, October 17, 1894. 

• The 90th meeting of the Institute was held this date at 12 
West Slst Street, and was called to order at 8 p. m. by President 
Houston. 

The.Secretary read the minutes of the meeting of September 
19th, which upon motion were approved. 

The Pkbsident :—The Secretary will please read the names 
of those who have been elected associate members at the meet¬ 
ing of Council to-day. 

The Secretary read the following list:— 

Name. Address. Endorsed by. 

■OoLB, John R., ' Sales Agent, New York Insulated Geo. P. Low. 

Wire Co., 103 Sacramento St., P. C. Colville. 
San Francisco, Oal. Sidney Sprout. 

:DAyis, Harold MoGill, Advertising Manager, ElectHe H. L. R. Emmet. 

Powery 86 Cortlandt St., N. Y.; H. A. Foster, 
residence, 213 Clinton St., Joseph Sachs. 
Brooklyn, N. Y. 

tDouvBBQOB, Franz J., Chief Draughtsman, Chicago C. H. Wilson. 

Telephone Co.; residence, 71 A. V. Abbott. 
Potomac Ave., Chicago, 111. A. S. Hibbard. 
-Dunoan,, Thomas, Electrician, Laboratory Port P. S. Hunting. 

Wayne Electric Corporation, B. A. Barnes. 
407 Broadway, Port Wayne, 0. S. Bradley. 
Ind. 

iDunn, Kinoslby G., Electrician, Palace Hotel, Sidney Sprout. 

San Francisco, Oal, Geo P. Low. 

Wynn Meredith. 

.Etheridgh,, Chas. IiOOKB, Chicago Telephone Co.; R. H. Pierce. 

residence, 4714 Kenwood Ave,,. A. V. Abbott. 

Chicago, HI. A. S. Hibbard. 

^YRB, M. K., Assistant to Manager of Lamp John W. Howell. 

Sales, General Electric Co., W. D. Weaver. 
Harrison, N. J.; residence, Henry W. Frye. 
43 S. Washington Sq]., New 
' York. 

Ford, Jambs S., Electrician, Chicago Telephone C. H. Wilson. 

Co., Engineering Department, A. V. Abbott. 
Chicago, 111. A. S. Hibbard. 
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Haslqy, Arthur L., Assistant Electrician to Chief E. A. Barnes 

Electrician and Gon’l Sup’t, P. S. Hnntinir” 
Fort Wayne Electric Corpora- A. L. Searles 
tion, 149 Grimth St., Fort 
Wayne, IniL 

Jones, Arthur W., Representative for So. Africa, John W. Kirkland 

General Electric Co., Port Maurice Glidin' 
Elizabeth, So. Africa. 'I’heodore Stebbins. 

Keller, Chas. L., Chicago Telephone Co., 0. H. Wilson 

Chicago, Ill. a'. V. AbbotC 

A. S. Hibbard. 

Ijauned, Sherwood J., Electrical Engineer, Chicago 0. H. Wilson 

Telephone Oo., 203 Washing- A. V. Abbott' 
ton St., Chicago, III. A. S. Hibbardl 

Noxon, C. Per Lee, Contracting Electrical Engineer, Geo. P. Low.. 

(128 Mi.s.sinn St , Sidney Sprout. 

San Francisco, Cal. F. C. Colville.. 

O’Connell, J, J., Telephone Engineer, Chicago C. H. Wilson 

Telephone Co.; residence, 70 A. V. Abbott! 
Eugene St., Chicago, Ill. A. S. Hibbard.. 

Olivetti, Camillo, Ingegnerc Tudustriale, Ivroa, Win. J. Hammer 

Galy. R. N. Baylis. 

Ralph W. Pope. 

Rhodes S. Arthur, Electrician, Chief Testing Dqi’t, C. IT. Wilson 

Chicago 'relephonc Co., Chi- A. v! Abbott! 
cago. III.; resulence, 429 N. A. S. Hibbai-d. 
Pine A VO., Austin, Ill, 

Roylanob, L. St. D., Electrical Engineer, with W. L. Geo. P. Low- 

Brown, 2(13(1 Howard St., San Sidney Sprout. 
Francisco, Cal. Fred’k G. Cartwriglit. 

Saokett, Ward M., Assistant Chief Draughtsman, C. H. Wilson 

Chicago Telephone Co., rcsi- A. V. Abliott 
d^ence, 3249 Grovoland Ave., A. S. Hibbard.. 
Chicago, HI. 

Sanderson, Edwin N., Now England Manager, Westing- F. B. H. Paine 

house Electric Mfg. Co , (120 W. K. Archliold. 
Atlantic Ave., Boston, Mass.; C. A. Terry, 
residence, Newton Centre, Miuss. 

Slater, Frederick R., Assistant Superintendent of Frederick Bedell. 

Bnildi tigs and Grounds, Coluin- Harris J. Ryan, 
bin College; msidence, 1 (j 3W. C. P. Matthews. 
48th St., N. Y. City. 

Strauss, Herman A., Electrical Engineer. Westing- Philip A. Liange. 

hoiuso Electric & Mfg. Co.. 20 Chas. P, Scott. 
Plano St.; residence, 10 Olay 0. B. Shallon- 
St., Newark, N, J. berger. 

Total, 21. ® 

In the absonce of the author the fJecretary atinounced the 
title of the first paper before the meetii^ upon “The Tlieory 
of Two and Three-Phase Motors ” by Lieut. Samuel Keber^ 
of Fort Kiloy, Kan. 




A paier presented at the Niniieih Meeting of the 
American Institute of Electrical Engineers^ 
Ne^t» York.^ President Houston in the Chair^ and 
Chicago, Lieut Samuel Rodm n in the Ch ir^ 
October /7tA, tSg 4 . 




THEORY OF TWO AND THREE PHASE]«MOTORS. 


BY LIEUT. SAMUEL KEBBR. 


The complete mathematical solution of the two and three 
phase motors with the coefficients of self-induction as variables, 
and the ejffect of magnetic leakage taken account of,is extremely 
difficult, if not impossible. But an approximate solution in 
which the change of magnetic properties of the iron and mag¬ 
netic leakage are neglected, the coefficients of self-induction 
considered constant, while the mutual-induction between the 
armature and field circuits follows a sine law, and the field sup¬ 
posed to be without projecting pole-pieces, is quite oasy. We 
will then proceed to the solution with these assumptions, remark¬ 
ing that the two-pliase formulae are those of Professor H. A. 
Rowland, while the three phase formulae and tables are our own. 
Use the following notation: 


L .Coefficient of self-induction of one armature circuit. 

JU .Coefficient of self-induction of one field circuit. 

o' o" <?'" Field currents. 

0 , o„ a,,, Armature currents. 

E. .Maximum e. m. f. applied to field circuit. 

f and jp' are Maxwell’s electro-kinetic momenta of one armature 
and one field circuit. 

1) .2 TT times the complete periods of field circuit. 

f __ 2 TT times the complete periods of armature circuit. 

.Angular position of the armature. 

M .Maximum value of coefficient of mutual-induction be¬ 

tween a field and an armature circuit. 

y, .Velocity of rotating field 

0 .Velocity of rotating armature. 
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^ .Length of one complete wave of magnetization or 

angular distance subtended by four (or six in the 
. case of three-phaee) poles. 

.Impedance of one armature circuit. 

.Impedance of field circuit. 

Go.... Maximum currents in one field and armature circuit. 

B M'... Armature and field resistance. 

^ and Lag in the two circuits. 

We may write at once the follow;ing equations i 


Two-phase, 
o' = (7 cos <p). 

o' =■ G sin (5 

0^ = 0 cos (p), 

o„— 0 sin (/ t + <p). 


Three-phase. 

= G cos (b t if). 

= G cos (5 t (p 120). 

= (7 cos (5 ^ -f- ^ -f- 240). 

= 0 cos (y t -{- <p), 

— 0 cos (/ ^ -f- ^ -f. 120). 


^/// ~ ^ COS (y t -|— ^ -j- 240). 

The angular position of the armature at any moment will be 

a ^ where a = and in the ease of the two-phase motor the 

mutual-induction between one armature circuit and the two field 
circuits adjacent will be M cos a & and M sin a and for the 
other armature circuit wiU be —M sin a ^ and JTcos a For 

the three phase they ai*e M cos sin (160 — a^\M sin 

mt -11) ^''''' ~ ^ 

For^ and p' we have for the two-phase 

= B 0 , Mo' coaa^ Mo" sin a 

' P' o' M 0 , 008 a & — M 0 ^ sin a 

substituting and reducing since b t — f t =. a- 0 -. 

p ■=■ L 0 008 (f t M G 008 {f t <b\ 

= Z' 67 cos (^ -f- ^) -}- Jf u cos (5 jf 4- «). 

For the three-phase ^ 

i> = Z « 008 (/« + + I C-OOS (/ « + (}), 

-P, ~ (* < + i^) + ♦ -Ve COB (J i + ffl). 

or the two-phsM motor, the equations for tlie other two circuits 
are the same as the first, except sine is substituted for cosine. In 
fte Wp^ the values will difier by 120 degrees ia the cosine 
factions. Pmmg to the expouential fora, and in tl.e two-phase 
^stem ^Ihplying tho sine values by i, the imaginaiy unit, and 
Addmg, Maxwell’s equations become 
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-B- - ^4§f = 0. (1). 

i{bt -{■ <p) ^ , iht 

. ( 2 ), 

If a condenser of capacity q be added in series to the armature 

r_:n _j j.. t- 1 


circuit, L will be changed to L 


> 4 


Substituting, difiEerentiating and reducing equations (1) and (2) 
for the two-phase reduce to 

\b + * (^/-^)] / + i/ jf = 0. (8). 


^ ^ <P T? 


divide (3) by e and reduce we have 

^2f MOL ^ \ fq)s 

since e = cos — 4) ^ — <p) we have at once- 


(^_p) = -(z/--L) 


fqlMfd' 


sin ((S —p) = 


tan {<p — <p) = 


Lf 


Squaring and adding (6) and (6) and reducing, we may write 
o_ _ Mf Mf 

i<p . 

Eliminating e from (3) and (4), and writing 

+ [^-X-= 
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have 


Jieiioe, 


i (p — ji ^ + * ^1)- 

ij > ’ __ __y_ 


U J 


sin <p =--. — —_„ , 

U 1 

Squaring (10) Jind (11), and adding and reducing 

E 

.7.• 


V A '^ - (- /? 


COH (/> 


<- I 

Solving”(5) and (0) by aid of (10) and (11) 

Afil-.J-)-. BR 

sin ^ = ._/. .'/L_ . 

1 

AR+(Lf~^Ujif 

COH (fi = _)_ >LM ’ 

/ VA^ + lP 

tan (ji =..>.... . 

li'or the thrcje-phase by the same method of Hohitioii 
sin {di — =• ^ 

z a Iff - r 

cos (d) — (p) •=: (I, f — ^ \ 

3 O j\rf \ f gP 

tan {ij, — p) = _ - , 

I-f-7 

f <1 

£. =_ -^—L-y./ 3 Mf 

^ ^s/s?—{Lf—X^ 2 j 

. ' ' /?/ 


* 
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r« iP r, 

(i - Ml 

L"t - “ 

V /*«/J 


B=:lL'E + fE' (Z - ‘ ). 


Sin <p = 


A I 
C 

E . 


. A 

tan <p — 

'0 “./ ■ . 


r qf 

A , 
^ _|_ //2 

JB _ 

- 


sin <p 


cos ij) 


tan (f> 


Af{L-^^;^BE^ 

1 

^_AE + Bf{t-XX 

'' / + > 


In the case of the two-pliase motor the total work done on the 
motor will be 


EG(iOBilf=iE^ 


AE^Bf[L--^^ 

Xi ^ ' (26) 


The current heating in the held circuits is 

0 <n 


7t 

T 


sin 


(7« R' 


cos *& t 


h lib 

= k O' E’ + i CP H' = -S'. 
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Likewise for the armature circuits tlie heating is G~ H. 

6 >» B' + e‘B= 0^ 

„ (B iP p + B' /»\ 

' V' “ / 


{ 2 «> 


Tlie total energy transformed into meclianical work less the 
hysteresis loss in the iielda is: 

EGGO%if>—{d^R-\-G'^ 7?') -E'i zzf) 

A- + IP (27> 

^ R M\f {h ^-f) ' 

■ .. P 

The ratio of this to the (? R loss of the armature is ^ 

f ~ 

(when no condenser is used) or , hence the armature effi¬ 

ciency is when hysteresis loss in the field is neglected. 

In the three-pluise motor the work done by the currents on the 
motor is: 


^ E G cos ^ E 


AB + Bf{L-.^n 


A B + Bf II - ' ) 

= I G'^ ..... ./ 

The current heating is: 

B+ (B B') = %0' /^-f 4 jg' /» \ 

= if* ('L^T B^iB - /«\ 
8 V ■ / 

The total energy transformed in the armature loss the hystere¬ 
sis loss in the fields is ; 

I ^ Ceos (S — f (o’^ + 0» J2') 

8 T ^ - 

and the ratio of this to the <? E loss in the armature is as 
before - SZsf , 

f. .- - , ^ ^ 
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The angular torque is equal to the work divided by the veloc¬ 
ity, and is in the case of the two-phase motor 

EM\f _ EM^ f 

X 'IT 

and for the three-phase 

27 ^^7trr,EIPf _ 27 ^ 2 ^ J/a/ 

8 ^ 4 - S X "P ' 

The stai’ting torque can be increased by changing either the 
resistance or condenser ;* representing the quantities as starting 
by the sub o, we have tlie ratio of the starting torque to the [run¬ 
ning torque as follows for both cases: 

•^o _ K b {A^ + JP) _ E, h P 
T K^E^f{Ai-{-B}) 

At a certain speed the torque is a maximuni, and the motor, 
if pushed in its work beyond this speed will stop.'t^To. prevent 
this, the motor should not be pushed to a point more than half 
the maximum torque. This speed will be given by finding what 
value of f will make T i\ maximum, and there will be two solu¬ 
tions depending on whether A*or 0 is constant. To simplify the 
solution make the following abbreviations: 



IP [(7f/r - 1 4 . -h + IC'U 
/s = /-a (^Ts 4-]). 


T= 

X 7 


Km^ 


X W IJ [ {K K' -T F-f 4 - irrqn^’' 

Tr(work) = G- 


K kP 


— ___ K fP _ b — f 

L~[F^IC — 1 4 K* 4 - 

For the three-pliase the same solution, except ^ 

4 I 
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tlie toKjne reduces to tins form 

ii 

8' 7 ' 7 -|:i: 

_ 2 7 2 ;r j^.> l{ 

8r F 

It. is evident, from tlie similarity of the formulu* that the two 
stml throe phase motoj’.s have tlu* same properties and differ only 
in the (•oii.stauts, hence what follows will apjdy to hoth kinds of 
jiiotors. 

(Constant Ohuuknts. 


„ i -I- \/ ^' 4- 1 f ^ V 

l.,, n ,/ ^ u,./ a ZV 


7’is a maximum when 

.•2 ™ 7i« __ I \/ '•* A I J~ ~ ~JFV 

• ~ 2 ^ r y ^ vz y 2:zv * 

If there is no c.ondenser we haves at once the condition for 
maximum toniiie 

Ji = ./• Z. 

<.h>n8e(p)ently the arimiture resistjmee must Ixs jidjusted till the 
eoudition is fuliilled to <»htain the imixifiium torque. The maxi¬ 
mum tonjue can he obtained iit startin',^ hy a pr<»[)er resistance, 
4is at starting 7 ™ U. I he armature velocity lor niaxiniutti 
torque in terms of the rotating Held vtsloeity is: 


(i. 

\ h 27,3 


/ ± V' ,. - - 7 

D <y li (f A y 


V 


■When h the tonjue is a maximum at the start and will 

decrease rapidly as the s]»eed increases, likewise when b L <. R 
the tonpie at the start is grtmtest and will decrea.se rapidly as the 
speed goes up. 8uch motors will start well, mm'U have a low 
ellieiency and will regulate poorly as the decrease of torque 
will increase if speed is too slow. When b L > R the point of 
inaximurn torijue comes near the point of maximum speed, giv¬ 
ing good regulation but they will have jmor starting qualities 
unless resistance is introduced at the start and tlieii cut out. 

The maximum vaitu; of the torfpie wlien/' L = Z? is 

25 O '^ J/2 
X ~¥L 

for the two, and 

27 2 TT M'^ 

&“T'2/: 
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for the three-phase motors which is independent of the speed, 
and depends only on the proper adjustment of the armature re¬ 
sistance. 

The equations of torque with no condenser reduce to 

^ - T 



for the two-phase, and 

^ X " I 

for the three-phase. The variable part of whicli 
which may be put in the form 


IS 


K 
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Kepreseiitiug the value of V by unity, and expressing the 
torque in terms of the maximum as unity we have the fol¬ 
lowing table: 


TABL15 1. 


7tn — i A„ _ ^ /fo == ihi I iTo = 3 


Taking the safe working tonpie at .5 the maximum torque, the 
value of y will be for the various values of ./f„ us follows: 

^0 = 2, = .48; = li Y = .73; /i' rn 4^.== .87; 

=: yV„ -y = .‘^2; /fj, = I, y = .94; ^ 

The ratio y likewise gives the armature ofticieney and eonse- 


qnently should be as small as possible, and ought not to be 
greater than about even in small motors. The diagram shows 
the necessity of a starting resistance in high etlieieney motoi*8and 
the way they regulate. Fig. 2 shows some curves of three-phase 
motors built by Steinmeti!, and described by him in the March 
Tkansaotions of this year. 

If the condition of maximum torque is satistied, the ratio of 
starting to working torque with constant current does not depend 
on the fre(|uency, but only on the working oiit-put which can 
only be increased by change of size and not design. 
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If the motor is forced beyond the point of maximum torque 
it is not only liable to stop, but to make the starting torque by 
comparison smaller. For a given current the maximum torque 


and work depend on the ratio of 


If there is no magnetic 



leakage IP = L L\ L” being that part of the field self-induc¬ 
tion interior to the machine, L therefore cannot be diminished 
srithout decreasing the output or increasing Z" at the same 
time. If the field be increased, the same output can be obtained 
with a smaller value of Z, but this increases the electromotive- 
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force and does not cli/mg-e tljc jiroperties, as tliese dejiend on the 
ratio 7i., and not on the self-induction and resistance alone. If 
there is leakage as tliere always is, IP < Z L" which reduces 
tlie output. 

(JoNDENSKU liN ArMATUKK OlKCUlT. 

The ratio of the tor<[iie of a niotor with a comlenser in the 
armature to one without, is 

i:\p 




whose maximum value is 1 + This maximum by proper 

adjustment of the condenser can he thrown at any value of the 
annature velocity. The value of/* which makes the aliove ratio 

a maximum is p = (1 -f- 4^2 7i« P q -f- 77), hence by 


'rABLK II. 



adjusting the value of can bo made anything we please. 

Calling the maximum starting torque without a condenser 
the starting torque with a condensor is 




% b LB 



times as great, and will be a maximum when L = ~ which re- 

duces the factor to This cau have a large value if the resist¬ 
ance of the armature is small. Tims we see that the starting 
torque can be increased without changing the resistance, and 
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tliis increase of torque is obtained, not by increasing the current 
in the field circuits, bat only in the armatm’e. When the con¬ 


dition L = is satisfied, the torque at any velocity with a 
condenser is using the same unit as before 


2 . 2 " 






where 
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ease where A; = and compare 
it with tJie same case witlimit a condenser, t.lie f;eneral formula 

in writing foi- y, is 
O'- L 


^2 K 


jpj^ ({ — i ^V- 

\ nfV 


Table II. is calculated by tliis fonnnla. 

The curves show that the condenser has only a local eifect on 
the torqne end a small clienge in velocity rendcra it nseless, 
Aengh tins defect conld be overcome by a variable condenser. 
TJie advantage is that the motor can be run at a slow speed with 
increased torqne without overheating. As the field current has 
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been to be constant there is no extra healing of Ae 

field eirouits; tins will require special means for keeping Ac 
field current constant. By use of a variable condenser the speed 

’”r"“ i” "P *" «7'"*roniBra and 

t lere 18 no overheating at low speeds, or waste of power by the 

insertion of resistance to increase the torque. A variation of the 
capacity from one to four, changes the armature speed from zero 
to one-half of the rotating field velocity and an increase of con¬ 
denser capacity to 25 varies the armature to 80 per cent, of 
synchronism at the point of maximum torque. 

Constant E. M, F. 

Neglecting the change of the magnetic properties of the iron 
at high magnetization, the torque and work of the motor vary at 
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tlie square of the Held current. With constant k. m. if., when 
the motor is at rest or just starting, tlie current is very large and 
if there are other motors or lamps in the exterior circuit, they 
are rendered unsteady at the moment of starting of the first 
motor, tin's however may be corrected by a seeondaiy trans¬ 
former. The forinuhe for the current and torque for ^constant 
are 

a = JL. \/ _ 71^^ -f- i _ 

h n (7r /r — 1 -f -I- 

rr — m 2 JT 1 K 

X ¥ + IP + 

for the two-phase, and 



SPEED 

4. 


rp_ 27 jfsi 2 a- 1 JP+1 

8 T ¥ /?»(/r/r ~ 1 -h + JP + 

for the three-phase. 

To keep down the heating of the fields, the field resistance 
must be small, hence JT' must be small compared with unity. 
When the self-induction external to the machine in the field cir¬ 


cuit and the magnetic leakage are small, is very nearly equal 
to unity. There is always some .self-induction in the dynamo or 
transformer so that m® is rarely less than for a transformer equal 
in self-induction to the motor m® = If there is no condenser, 


the torque is a maximum for IC = 


fwi® —1)® 


hence K 
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iniist vary from (» to wliioh gives R varying from 0 to \ f L 
as the condition of maximnm tonpie. The added starting resist¬ 
ance must be less tlian in the ease of (Constant current. 

Tahlo III. and curves, show tlie variati.jii of current in the 
Held circuits and the tonjne when tlie Held resistance is changed, 
lmt7i„ =z I for the armature: w/. i.s taken at .75 the torqne k 
expressed in terms of the maximnm as unity. 

lo show the efltad of changing the armature rtsistanee I Juive 
Mon tin. win,,,, /,'■ = .2 = 75 

— iV' Ml. yV "-inl I. rin, valiio of /,' = givm the maxi- 
mum at the start (see Table IW and cui'ves). 

We may conclude that the two and threeq.hase motors have in 
general the same properties, and tliat the most important rela¬ 
tion IS that of R to f L. 'I'he lower tlie Held and arnmtnre 

T.-VHIitJ I\'. 


a;. 


A’„ 1. 


resistance are, the higher the efficiency of the armature and the 
nearer to synchronism is the point of maximmn toiajue. ’We 
see that high etHciency motors require a starting resistance, and 
tliat in such motors tlie torque can he readily regulated by 
adjustment of the armature resistance and wo are enabled to- 
throw th (3 |)oint of maximmn torque at any speed we desire. It 
is likewise apparent that the smaller the magnetic leakatro the 
more efficient the motor. ^ 


If the frequency is supposed to vary, the speed and output are 
gieatly changed. varies inversely as the frequency, so the 
nmtor is improved for higher frequencies as far as this relation 
effeets it. Increasing the frequency n times in a motor without 
a condenser, the velocity will be increased n times, decreased 
n times, the maximum tm-que is not affected, while the liysteresis- 




1894.] TiEBPJH ON TWO AND I'HUMK PHASE MOTORS. 


UT 


is increased qi times nearly, tlie ont|nit of the motor will he 
increased nearly //, times if the motor is rvm at a given percentage 
of the maximum torque. Hence it is an advantage to increase 
the frequency till tlie hysteresis heating hecojnestoo great,or the 
motor rims too fast. If the etliciency is to be kept constant, the 
work will then vary as rr and the field and armature currents 
will be increased vV times. Hence increase in speed gives an 
advantage in output till the machines begins to ov^eiheat. With 
a condenser the same facts hold, but with this advantage that an 
increase in the frequency greatly reduces tlie si/e of condenser 
necessary. A high frequency motor will iveigh less than a low 
frequency one. When the clearance is large, the advantage of 
high frequency motors is not so decided, and if very large the 
low frequency motors arc better if weight is no eonsidemtion. 
The higher frequency motor will contain less iron and more 
copper. If we vary the sixe of the motor, keeping the magneti¬ 
zation constant, out^nit and hysteresis vary directly as the weight; 
the heating of the field and armature circuits, directly as Ihe 


increase of size. 
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Discussion. 

Dr. M. 1. PupiN:—Mr. President, I read vvitli imich pleasure 
this very interesting;^ paper of Lientenant Reber, and, in the ab¬ 
sence of the writer himself, 1 venture to present his ease by a 
few remarks which are intended as an introduction into the dis¬ 
cussion of the subject matter of this paper. I liope that the 
discussion itself will be taken up liy others who have a better 
practical knowledge of tlie subject tlian 1 have. 

One thing which struck me ‘as particiihiry meritorious in this 
paper is the method by which tlie proposed problem is ti’eated. 
IMie author states clearly the problem before him, namely, the 
theory of the two and three-phase induction motors, and tlie con¬ 
ditions for wduch he ^iroposes to discuRs the solution of the 
problem. He then proceeds from the very fountain-head of the 
solution of all problems of tins class, iiai'noly, from Maxwell’s 
equations, which are given on page 73H, under Cl) and (2). A 
rather interesting aspect of Ma.xwell’s equations (1) and (2) pre¬ 
sents itself to rny mind, and with your kind permission I shall 
mention it. They correspond to Newton’s second law of motion 
in mechanics. This law states, as is well-known, tliat the rate at 
which the momentum of a moving body varies is equal to the 
etfectivo force. Similarly, so Maxwell’s equations tell us, that at 
which the electi’o-kinotic momentum of an cncctrical circuit varies, 
is equal to the effective electromotive force. I'lie analogy is com¬ 
plete. ^ One of the great merits of MaxweU’s method ot* presen¬ 
tation is the strong emphasis of the analogy lietween the funda¬ 
mental relations which underly the phenomena of electrical 
current and those of mechanical motion. 

The electro-kinetic momentum of an electric circuit must, of 
course, be cahmlated first. This is done on page 732. There we 
have p, the electro-kinetic niomentiim of one of the armature 
circuits, andy», the electro-kinetic momentum of one of the held 
circuits. The electro-kinetic momentum is simply the total num- 
berof interlinkages of thomagnetic linesof induction which thecir- 
cuit has. The rate, then, at which these interlinkages vary, is equal 
to the impressed electromotive force, minus the passive resisting 
force due to ohmic resistance. This part of Lieut. lieber’s 
paper, though it occupies two pages only, is by far the most 
dithcult, and the diflicnlties have been overcome by a method 
of the Maxwellian school. The remaining part contains the working 
out of the several details of the solution, and is necessarily moulded 
with due deference^ to pi’aetieal considerations. 

These considerations contain questions referring to the power, 
tlie efficiency, and the torque. These are the three most impor¬ 
tant elements in our study of the Nvorking of a motor, and to 
these Lieut. Reber devotes his attention in the remaining part 
of his paper. 

Now, to'Calculate the power we must know—in alternating 
currents—not only the current and the electromotive force cur- 
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rent, but also the diiference in phase between them. The im¬ 
pressed electromotive forces beinp: given, we have to calculate 
from Maxw'ell’s equations (1) and (2) the currents and the dif¬ 
ferences in the pliase between the currents and the impressed 
electromotive forces. Lieut. Rebersimpliiied the problem in the 
following way : he eliininaled hysteresis, Foucault currents and 
magnetic leaKage. Tliat allowed him then to express the steady 
state of the currents by the same mathematical functions as the 
impressed electromotive force; that is simple harmonics given on 
p. 732. 

Next comes the calculation of the ditference of phases between 
the currents and the impressed electromotive forces, which is 
done from e<piatiou (3) to (24). The power supplied to the 
motor is there calculated, and subtracting from this the value of 
heat lo.saes gives the power transformed into mechanical power, 
which divided l)y the armature speed gives tlie torque, p. 73(). 
Meclianical power obtained divided by electrical power supplied, 
gives the clhcieney (p. 737). 

The tonpie of an iriduction motor, and, for that matter, of any 
othei* motor, gives the practical engineer more anxiety than any 
other element, lie is quite willing to sacriiice a considerable part 
of even the efliciency for tlie sake of the torque. Lieut. Reber 
does w'ell to dev(d.e a very largo ])ortion of his paper to this side 
of the question. Ilia method of investigating this point is very 
clear indeed. It is a pnori evident that in an induction motor 
the tbrque at any moment will depend on the respective values 
of the currents in the armature and in the field, and also on the 
diffci’ences in the phases between thorn, that is practically on the 
pliaso of tlie armatui'e current, hence, if we are to vary the torque 
for a given armature speed, we can do it by varying the phase of 
the armature current. That, it seems to rne, is self-evident and 
needs no mathematical discussion. 

Now there areonly three ivaysby means of which we can vary 
the phase of the armature current; that is, the frequency of the ar¬ 
mature ourrent heing given, we can vary the phase by varying 
one of the three fundamental (piantities of the armature circuit, 
that is, capacity, self-induction, or resistance. A variation of the 
self-induction Is out of the question as a simple consideration will 
show. Then there are left their resistance and capacity. The 
tonpie therefore, of an indiudion motor can be varied at any 
given speed, by varying the resistance of the armature or tlie 
electrostatic capacity. The phase depends on the ratio between 
the reactance and the resistance. Hence, if we choose to leave 
the reactance constant, the only thing to vtuy then is the resist¬ 
ance. If however, the armature circuit contains a condenser, then 
the reactance may be varied without varying the self-induction or 
the resistance. This ratio of reactance to resistance, must liave a 
perfectly definite value if we are to have a maximum torque for 
a given speed. It is this ratio which the author calls Aj and 
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he p(>int,.s (mt very distinctly imleo<l that tliis .jiiaiitity is one of 
the most important ones to consider, at any rate h)okinf»* upon 
the motor in tlie lijjfht in which lie ]iro[)«ised to regard it^ He 
e.xpresses then the power and the torque in tin-ms of this qnaiititv 
A', so that in order to hrin^ out the conditions under which a 
^ven motor at a ^dven speed will run witli a jt'iven tonpie oi-cdve 
a (certain power, he sinqily has to considcn' the variation oAhe 
torque with resjiect to this one variahle K. 

Two particular eases are considered. A constant current in¬ 
duction motor with one of two devici^s in it. A device for viu-y- 
iiif^ the resistance of the armature, and another for varyim'- tlie 
electrostatic. ca|)acity, that is, a »‘omhmser in series with tin* imna- 
ture. 


The ]*elation of reaction to i-esistancc which will «;ive the inax- 
inium j-onpie at a given speed in a constant current motor is *dven 
on [). TJhS. If I understand correctly Dr, Heirs |>aper on induc¬ 
tion nuitors, tills lusistance-varving (levici^ has Ikmmi found practi¬ 
cally to woi’k (piite satisfactorily. It is very curious to observe 
here that about nine or ten years a.go, when l)r. ,lohn lloiikiuson 
revived the (juestion of rnlining alternators in parallel, his theor¬ 
etical deductions suggested that the best dijsigu f,,r alternatoi-s 
intended to run in [larallel will make the resistamu' of the alter¬ 
nators ecjual to the reactance, exai'tly the same relation which 
gives the nia.ximimi torque in induction motors, 'riii; theory of 
the indiKdion motor throwsa new light on the other <piestion,’tlmt 
is to say, an alternator will run luwt in tin? jiarallel, at agiveii fre¬ 
quency when it exerts the inaxiinmn tor<|ue for a given dilfer- 
ence of [lotential. The maximum toripie is ohtainiMi witli a con¬ 
denser in the armature circuit when the armatun^ circuit and the 


induced electromotive force an? in resonance. The case of 


stant potent.ial motors is then discussed in the same niaiiner, and 
the results arrived at are similar to those just mentioned. ^ 

The whole theory here jn'csented is, as I saiii, extremely sim¬ 
ple. yV great deal has been written upon this suhject, especially 
by Professor Arnold, of darlsruhe, who,] think, lias puhlisheda 
hook on the suhje(?t lately. Hut I must say the way in vdiich 
laeiit. Eeher has tix?ated the question seems to me to he much 
smijilei than anything that lias been done so far. ^'he theory 
whi(?h he gives us ought to jirove of great practical utility by 
rcasoii of its simplicity. Of course, the whole problem is ‘dealt 
with for ideal conditions only. That is, there is no niagnetae 
leakage, there is no hysteresis, there are no .Foucault currents ;8o 
that all the numeric.al results obtainable from the author’s theory 
will be modiiied to a greater or less extent by the.se tliree ever¬ 
present imiiorfections, and will have to be allowed for by tlie 
designer. . 

Of course a great many peoide will say, what is the use of a 
theory which simply treats of an ideal case that never presents 
itself in practice ? They said the same thing when the theory of 
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the alternating enrrent transfonnei* was bi’onglit forward to tbe 
notice of ])racti<‘al engineers. They called it tlie “phantom 
theory” of a “phantom transformer,” implying often hy that 
name that the theory had little or no jmictical value. And yet 
somehow or other, when the relationm, obtained for ]nu*ely ideal 
conditions, were com|)are(l with actnal experimental tests, it was 
found that they agreed pi'etty well with them. Of conme those 
men who had always had a. grudge agjiinst “ iron-less” mathe¬ 
matics and against the so-called text-book mathematicians and 
text-book physii's, and against all electrical discussions wdiich 
did not, smell of tlm shop, when they found that the pliantoni 
equations agreed well with the ])ractical results, were quite sur¬ 
prised and did not understand the “ miracle.” For instance, I do 
not know that X ought to touch upon this much discussed point: 
some people had a gi’eat deal of mistrust against the supposition 
t.liat impressed k. m. i-’., |>ro<luce<l hy most alternatoi*K can be 
treated as a pure sine. It was not a pure sine, and therefore all 
results obtained on the hypothesis just mentioned were of no 
use. The cn rve was not exactly a |)uI’c sine, hut (piite often nearly 
HO. l;*ractic}d n^sults, however, agreed with the theory, because 
a distorted ele(*.tromotivef<n‘ce utilizes its fundamental component 
only when it works an iron (M*re closed magnetic circuit tmns- 
fornior, and when the transformer load is not too small. This 
is especially true of <dd fre<piencies like the Westinghouse fre¬ 
quency. 1’here is s<tmething new ; something tluit we ought to 
inquire into, and impiiring, we shall undoubtedly find, new 
properties of an iron c<»re closed magnetic circuit.' So in the 
case of this i<leal theory of the. induction motor, although its re¬ 
sults may <lilfer c-onsiderahly fr<»m the a<‘.tual facts, it cmi b(5 safe¬ 
ly accepted as a first apj)roxiniati<ni to actual ti’uth as a first 
‘niide. Then, if there slmuld he difTerences between the ideal 
and the practical conditions, as there certainly will be, we will be 
aide to measure tlume <lifTei*enceH, to inquire into the intensity 
of the causes prf»duc.ing them, and in that way obtain more 
definite knowhalge of all the activities which are concerned in 
this particular machine, the induction motor. 

Mr. SrErNMi'jr/.have read Lieut Rebor’s valuable paper and 
was very much interested in it, and when in the following I 
shall take ratlun* a ci’iticul view of it, 1 beg yon to understand 
that I do not depreciate tlie value and iniportancc of tlie paper, 
but after Dr. Ihij>iii lias .shown ns the good features of the 
paper, 1 shall now endeavor h) designate its weak points. 

First, with regard to the neglect of hysteresis iii the paper, I 
may say that in induction motors, and especially smaller ones, the 
hysteretic loss is one of the largest of all the losses, and thus 
should not be neglected in a complete theory. 


1. For fuller hifonnation seo M, I. Pupin: ‘‘licBonance Analysis of Alternating 
Onrrents, etc.”, TttAN.«»Ai’'no.vs. p, 628. 
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I may further draw the attention to the raggedness of the- 
curves given in the paper, and state that this is not inherent to- 
the theory, but merely due to the fact that tlie curves were- 
plotted from tables calculated to two decimals only. The neglect 
of the third decimal becomes noticeable in the curve. 

On |:)age 787, it is stated that the motor should not be pushed 
to a point more than half the maximum torcpie. This general 
statement I consider wrong. Let us rather say that at full, 
load the motor must have sufficient margin of torque to carry it 
over any overload, which it may possibly he exposed to in prac¬ 
tical operation, flow much tliis is, greatly depends upon the 
circumstances; in a motor driving a ventilating fan, it is entirely 
useless to allow such a large margin, since such n motor by the 
nature of its load cannot he overloaded. On the other hand, a. 
railway motor allowing 100 per cent, margin over its rated torque 
could never work satisfactorily, but .700 or even 1000 pot* cent, 
margin would come nearer the requirements. In general, in most 
cases of practical application, lOo percent, margin is too much, 
and 50 per cent, tpiito enough. The same applie.s to the starting 
torque. Thus 1 have all the staruhird induction motors designed 
to give a starting torque and maxiti.um torque 50 to (50 per cent.. 
in exce.s8 of the running torque, while wherever more or less is 
desired, the motor is considered as special. 

With regard t«» the elTectof the frequency, I would like to dis¬ 
cuss somewhat more a statement on the Itist page. As it is 
worded thc're, though correct, it may he greatly tnislcading. It 
is; “ Increasing the frequency n times in a motor without a con- 
“ denser, tliu velocity will he increased n times, Ttg decreased 'tv 
“ times, the maximuin torque is not affected, while the liystcresis is 
“ increased n times nearly, tlio output of the motor will he in- 
“ creased nearly n times, if the motor is run at a given percenfaige 
‘‘t)f the rnaxinnim torque. Hence it is an advaiitage to increase 
“ tlie frequency till the Jiystoresis heating becomes too great or the- 
“motor runs h)o fast.” And then it is stated further along, “A 
“ high frecpieiicy motor will weigh less than a low frequency mie.” 
This is not the case. Instead of “ a high frequency motor,” it 
should he said “a high speed motor.” The quantity which is 
decided upon and determined hrst in a motor, is its ajteed. If 
now you take a motor running first at one frequency and then, 
run it at twice the frequency hut the same speed, Ity doubling 
the number of poles, you find in general, the opimsite true.. 
Then the high fre(iuency motor is less favorable. So in a 
motor with a given number of poles, the gain by increasing the 
frequency is merely duo to the increase of speed,’ and if a motor 
is improved l)y doubling the frequentiy and doubling the speed, 
it is still more iinjn’oved by doubling the speed but retaining the 
same frequency, by halving the nnrnher of poles. 

The main olqection, however, which I have against the paper 
is that it is hj far too mathtmutkaf. Mathematics is a very nice- 
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thing indeed, and the most powerful weapon science has, and 
having done a little work myself in mathematics, pure and ap¬ 
plied, J may be allowed to say that pure mathematics may go as- 
high as desired in purely scientific interests, but if you apply 
mathematics to an engineering problem, then it is proper to ; 
what is the use of the results ? or, can we make any application 
of it for engineering practice 'i 

There are two ways of solving an engineering problem by 
theory ; cither by forcing a solution by bringing the whole power 
of analysis to l)ear ui)on it, or to arrive at the solution by a. 
simple way, by a short cut, we may say. 

ifow taking the present paper: In the equations here, the- 
quantity, JC appears several times. This quantity JTis defined on 
page 73Y. It is a quotient whose tenns are difEerences of quo¬ 
tients. so you see that the expression, if you substitute backwards 
to the orig nal constants, will be so complicated that it is hardly 
possible to make any use of it. 

And now coming back to this (piantity, Z, the coefficient of 
self-induction. Even this is not a simple quantity, because it 
contains two entirely heterogeneous terms. L is here used in 
the sense used in former times in theoretical investigations, as 
referring to the number of intorlinkages of the circuit with the 
flux produced l)y the circuit. In the primary circuit, the current 
will sot np a magnetic held which will pass around the circuit' 


turns is the coefUcient of self-induction. Now this product has 
two heterogeneous efEects; a part of the flux passes around the 
primary coil without passing around the secondary coil. This 
chokes off the oluctromotivo force and reduces the output of the 
motor. The other part passes around the primary coil and 
around the secondary coil, and does the work. You see, con¬ 
sequently, that no conelusions can bo drawn from the quantity, 
Z, because it contains two terms, one representing the work 
done, and tlie other choking or reducing the work. Therefore, 
where the <iuantity, .Z, enters, you cannot separate the useful 
jmrt. You cannot draw any conclusions how to design a motor 
from the equations where L enters. 

Dr. Fui»in:— There is no leakage, and, tlierefore,you are step¬ 
ping beyond tbe limits of the paper. 

Mr. Stkinmrtjc -.-—Then 1 take back wiiat I said beyond the 
limits, but keep to my first objection that the method is too 
theoretical and too limited. 

It assumes no magnetic leakage. Now the maximum output 
of an induction motor is essentially determined by the magnetic 
leakage or self-induction, wliile resistance plays a lesser part. 
Oonseqently by neglecting the magnetic leakage, the paper neg¬ 
lects the principal factor, which determines the maximum output 
of the motor. 
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However, 1 do not, know whether the niagiietie leakat^e is 
really excluded in the paper, hecanse— 

Bb. Pupin :—If you will look at the heginniiifr of the paper 
you will find that it so states in the sixth lino. ’ 

Mb. Stkinmktz: —If there is no magnetic leakage the product 
of the two Z’s is equal to the Jf-. 1 think 1 saw a statement 
here that it may be equal or larger. In this case this obiection 
does not hold. •' 

However, by separating the L in these two parts, representing 
the useful flux and the ilux of self-induction, or rather in this 
case, 1 would say by introducing a second «juantity, as the 
magnetic leakage, you can make the equation more complete. 

Now. 1 have made the statement that the paper appears to me 
too mathematical. The induction motor is .such a simple appa¬ 
ratus, just as simple as the altermitiiig current transformer, that 
it should be assumed a pnori that the theory of the induction 
motor should be much simpler. Moreover, I think the theory of 
the induction motor ought to include the hysteresis, and ought to 
include the stray field of magnetic leakage.‘because the hysteresis 
as the largest factor in efliciemjy, and the leakage is the'limiting 
factor in the output. The theory ought to malce no assinnption 
ills to how many phases there are, and if you will allow me, I 
will make a few sketelies e.xplaining that. 1 do not intend to 
make use^ of anything more uiathematieal than Ohm’s law, and 
the equation that the power is the electromotive force times cur¬ 
rent. But 1 will use complex <|uautitieH, which, I assume, are 
now generally known. 


Tiii<X)kv ok 'I'liK Induotion M<m»u. 

In the following sketeh of a tlKU)ry of the induction motor, 
no further assiimptions .shall he imid’e hut Ohm’s law and the 
power erpuition: 

P^KC. 

The tlieory will be general, that is, independent of the number 
nf phases in field and in armature, etc.., and shall include, and 
not neglect, the effect of hysteresis, magnetijiing current, of self- 
indnetion or magnetic stray field, etc. 

The method of complex quantities sliall be used, however, 
which, I presume, can he considered now as universally known 
and understood. 

Capitals shall denote complex or vector <(uautitics, small letters 
represent absolute values. 

Bet, in an induction motor, 

Y = primary admittance, per circuit,' 

1. y’ss! p -j-jf ^ jy liiiQ ratio of total oxuiting; tMirront, or eurrcjnt at no load 

or synohronisin, to the h. m. p.i p ite powor («niipon<iti(', {t its rcaotive fjoiiipo- 
nent. Thus : 
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(J = primary impedance,' 

—j ,s», = secondary impedance, 

where: 

](. = slip, or ratio of secondary frequency to main frequency,'^ 
a = ratio of secondary turns to primary turns (ratio of trans¬ 
formation). 

Since the reactive component of secondary impedance depends 
upon tlie slip, the two components of secondary impedance 
have been introduced: 

where: 

6*1 = a ;r /i, = secondary reactance at rest, or full frequency. 

Counting the time from the moment where the mutual mag¬ 
netic flux, or useful majjnetism (flux interlinked with both, prim¬ 
ary and secondary circuit) passes through ssero, the magnetic flux 
is denoted by: 

Thus tin? K. M. K. induced by this flux in the primary circuit is: 


whore 0 is the “ counter k. m. k. of the motor.” 

Tlie K. M. F. induced in the secondary circuit is : 

= — u, h 0 , 

since the secondary circuit c.uts the same flux, m, at the lower 



o 


liy.sU'rc5tic «a«rgy curnial 

K. M. r. ’ 

uiHKiuitining cumsiil; 

K. M. !■'. ' 


, / •! I •! 

)} = V (>" + 


total oxcitiiiji' current 


B. M. I'\ 


0 and <T arc (snloulatcd from diinonsion.s and ujatorial of the motor, and 
determined cxperitnontally by anunoter and wattmeter reading.s at no load. 

1. U — r — j «, where v = (tMiuivalent) resistance, it ~'‘i N L reactance 
of primary circuit, the latter referring, liowiivor, to tlu! magnetic Ilux of self- 
induction, or stray magnetism, only, tliali is the flux produced by the primary 
circuit and interlinked with the primary circuit only, but not with the second¬ 
ary circuit. Tints « does not include the mutual iiiductaiujo, or the useful mag¬ 
netism, jif. The same applies to f/j. 

r and « are calculated from tlie dimen.sions of the motor and observed oxpon- 
mentally by ammeter and wattmeter readings nb standstill with short-circuited 
armature. 

3. ifc = 0 at synchronism, 
fc =s 1 at standstill, 
k N ■=: frequency of armature current 
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Hereto corresponds in the primary circuit the current 

= —a G, 

_ he 
i 1c 

The primary exciting current is: 

<7o = Te. 

Hence the total primary current: 

G= ^7o4- 

or, substituted: 

Prima/ry Gurrent: 



The E. M. P. consumed by the primary impedance is: 

G (T 



Thus the total primary impressed e. m, f. is : 

E^ — B.x-\-e\ 

or, substituted: 

Primary Impressed B. M. F .: 

E, = e |l + XT T+ j.. 

( —y h Si } 

The power transmitted into the secondary circuit is: 

EGi^ = ea Gi. 

The power wasted by the secondary current ift: 

El Gi = h e a Gi 

hence, the output, or the net power of the motor is: 

P = EG^^EiGi 
=zeaGi{l--h)\ 

or, substituted: 

p = 

n — i Jfsi ’ 

and rationalized: 

Power : 

p __ ^ h (1 — Ti) n 

~ 


[Oot. 17 


(1) 


( 3 ) 
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The torque of the motor is: 

r- 

i — 

where & is a coustaut dopeiidinji; upon frequency, N'^ and number 
of poles, jf>: 

550 

1) = - '-ill pounds at 1 foot radius. 

.745 np M ‘ 

Substituting P gives: 

Torque: 

rp __ h h i\ 



These four equations are the fundamental equations of the in¬ 
duction motor, giving current, impressed e. m. f., power and 
toi’que as functions of the slip, /r, and the counter e. m. f., e. 

Thus, at constant impressed n. m. f., we eliminate e by 
equation (2), and got from equations (1), (3), (4) the current, 
power and torque, as functions of the slij). 7^, tliat is the speed, 
and eliminating again 7g by equation (1), equations (3) and (4) 
give power and torque as functions of the primary current, at 
constant impressed k. m. f. In general, it is preferable, however, 
to retain h and e as parameters. 

The armature resistance, appears explicit in the equations, 
so that the effect of a change ot rx can directly be seen from the 
equations. 
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Substituting: 



gives the condition of syncln-anoiiK rnnning, or of no loud • 

G = e r 


= e (.1 -I- U F), 
P = 0 , 

T -0. 

Substituting; 

= 1 



gives the conditions in starting, or at rest: 

G = , I r + _I 

i;, = « 1 1 + if/ r4- .-?jL I 
p=o‘ 

T = 

d T, 


<lTy 


0 , 


Srque^^ armature resistance, y’,, which gives maximum starting 
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. Substituting: 

^<0 

gives the conditions of running above synchronism : 

P < 0 
P < 0; 

that is, the in^hine gives a backwards torque and consumes 
power, that is, its primary circuit acts as electric generator. 

k> 1 

gives the conditions of backwards running: 

P < 0 
T> 0; 



Fig. 7.' 


that is, the power is negative, the torque positive, that is now 
against the direction of rotation, and the machine consumes 
power, and its secondary circuit acts as electric generator. 



gives the maximum torque of the motor. 

From the four fundamental equations the behavior of the in¬ 
duction motor under all conditions of load, etc., can he calculated! 
and plotted in curves. 
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The values of equations (;3) and (4) refer to one mviih onlv 
Thus the total power (j-esp. tor(|ue) of the indnctlon motor is 
3 / in a three-phase, — 2 /* in a (piartor-i)hase, and = /‘in 
a. inonoeyche induction motor. 

T?* slnipe of such motor eharaereristies is shown in 

rigs. 5, 6, (, which give the torque and the power of a three- 
phase motor, at various armature resistances: r, =: 02 * (»4.»» ♦ 

ihe 

T = j a =: .03 -I- .2 
TI ~.r — / s ~ .03 — .1 ;, 
i/, ™ _ j k A‘, = -- .08 k 

Cl =: 1, 

no volts between tlie lines, hence 

/ij, = (53.5. 

Tliem .you havu all tlio (luantitics. N<. a^uniptioiis arc made 

'‘iiiKlividiaac, or any otlior iiidnctioii 
motoi. 1 do not make any assumption either how the armature 
IS wound. 

.1 IvKNNKi.LY;—^Kr. President and ( lontlemen* T 

think that utlor what Mr. Stoiriniote low told u« oonoorning tho 
advwahihty ol havinji; tho jiapor hotoro tw hjolodc tho iinoatioii 
oi liysterosis and other Ios.ses, w(! ought to feel viu'v a'rateful ht 
the author for having loft tho’n, out, Unwo (o «d.;d*?«tent the 

uiduded, it is <lilhcult to say. lint i, for one, am opposed to other 
than «J»^J«eenng methods for treating engineering subfeets. 1 
believe that the method which has just been diseussed liy .Mr. 
bteininetz: before ns on the blackboard is far inon? capable of 
giving ns the eiigiiieeriiig [ironerties of induction motors than are 
the inotljods based on .Maxwell’s equations. When we consiiler 
the work done in lifting a weight from the ground, it is not 
necessary to start with Newton’s second law of motion. Himilariv 
when we move a dynamo, we need not start with Maxwell’s oloi 
tro-kinetic rnomentuni of a circmit. These things are true and 

hringing them into print. 
11 m dithculties in the problem that confront the engineer are 
sufhciendy groat without adding to them analytical ditticulties in 
dulmg with the siibjeet. I think then paper might have been 

ii ’“Vl- #?»’eatly enhaiused if many 

of tho dimeiilties which enshroud that subfect had ht»oii cleared 
away and a simple exposition given to ns. 
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Discussion at Ohioaqo, Oct. 17 th, 1894 . 

[Lieut. Samuel Rodman in the Chair.] 

Prof. "W. M. Stine: —"We have this evening papers by 
Lieut. Samuel Reber and Mr. Charles Proteus' Steinmetz, and I 
have been requested to read the papers, but presume you have 
had them before you long enough to become familiar with their 
•contents. They are simply mathematical deductions for the most 
part—a crystallizing of some of the mathematical deduc¬ 
tions and facts already known concerning this class of motora. 
'The papers are of course valuable as mathematical contributions, 
Rnd as forming a part of these Tbansaotions, we must consider 
them as having considerable value. We will ask you to consider 
them as read, that is, to pass over the verbal reading of the 
papers and leave them in your hands for discussion. 

It is a matter very much of this kind; we have here known 
factors in connection with the design and operation of these 
motors. There is no question involved directly as to the eon- 
.struction or operation of these motors, and we could, by reading 
the papers, point out the relations of torque on starting, and the 
relations involved in retaining sychronism, getting step and get¬ 
ting out of step, but prefer to leave that to tlie discussion. 
I have had quite a number of slides prepared illustrating the 
work of Tesla, and the work of S. P. Thompson, and in this 
way I think we can develop the theory of synchronism and mag¬ 
netic rotation involved in these motors. 

[Prof. Stine here used the slides in his discussion and ex- 
•plained same.] 

Mb. H. J. Sage: —The papers under discussion have been in 
my hand so short a time, it will be impossible for me to intel¬ 
ligently discuss them. But in glancing over that of Lieut. 
Reber I notice in the opening sentences that his deductions 
refer to motors whose fields do not have projecting^ poles. It 
has been my experience that in general, motors with smooth 
field cores are the better. I am of the opinion that in such 
motors alone can be secured a uniform rotating field, which is 
most necessary for high efficiency in operation. With such a 
-field core, a winding may be designed in which the magnetic 
fields, due to the separate circuits, shall c<»mbine to give a resul¬ 
tant uniform field rather than a sum total of the various fields, 
which, is not necessarily uniform. And it is easily proved 
mathematically in the case of triphase motors, that such a 
resultant field, in which the components combine according to 
the law of parallelogram of forces is uniform. It seems to me 
too much attention cannot be paid to the air-gap, and also the 
resistance of the field and armature circuits. The former should 
be as short as possible; the lower the latter, the more efficient 
the motor, and the nearer will the speed and maximum torque 
^approach to synchronism. A simple variable resistance in the 
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anuatiire circuit is a coiivtMiieiit. inotluxl of re^ulatiiiif speed and 
maxiiniiin torque, and also is iiiucli more economical tiian the re> 
A • j. CCSfcjill \ in continuous current practice. Thou 
too, m most cases an iriductitui motor may he reversed under fnli 
speed and full loiul with impunity, 'riie little (jure re(niired hv 
them when running, the ease of spt»ed regulation, and the ab¬ 
sence of brushes are points grcatlv in their favor, 'riie <»'reatost 
objection t(> them appear to mo to be the false currcf.ts at start¬ 
ing and the diilerencij of phase under nearly all cjonditions 
betvyeen electromotive force and current. Fortunately treater 
familiarity with the conditions e.xacted, and more appropriate- 
desipis, arc reducing these elfects to a minimum, and scion t 
trust, their eltecte may be neglected. 



.4 ftaper Jtresented at the Nintieih Meeting of the 
American Institute of Electrical Engineers^ 
Nenv Vorky President Houshm in the Chair, and 
Chicago, Lieut. Samuel Rodman in the Chair, 
October 17th, JS(}4. 


THEORY OF THE 8YROHRONOUS MOTOR. 


UY OHARF.KS l‘R()TKirH STEINMKTZ. 


The following theory of the BynehronoiiB motor was written 
somewhat over a year ago, but was not intended for publication. 
Since, however, through Prof. S. P. Thompson’s paper, entitled 
“Some Advantages of Alternating Currents,” read before the 
British Association, tlie synchronous motor has been brought 
into dis(*.nasion again, it may be of interest to (iommunicate this 


sketch. 

While by tlie use of the method of complex quantities, the 
analytical treatment may be shortened somewhat, I consider it 
preferable to give the tlieory essentially in its original form. 

I shall discuss one circuit only; the results apply however to 
the polyphase synchronous motor {is welK In the latter case the 
volts, amperes, watts, eh;., are tliese quantities per phase of the 
system, so that for instance in a tliree-phase synchronous motor 
the total power is three times the value per phase, introduced in 
the discussion. 


Let -w = "P = impethince of the circuit of (equivalent) 
resistance r and (equivalent) reactance a = N L, containing 
the impressed e. m. e. c,, ' and the counter k, m. k. of the syn¬ 
chronous motor, that is the k. m. k. induced in the motor armature 
by its rotation through the (resultant) magnetic field. 

Let 0 = current in the circuit (effective values). 


1. If = E. M. E. at motor terminals, u = internal impedances of tho 
motor; if — terminal valtaja;e of th(3 generator, u = total impedanco of line 
and motor; if e# == m. j? of generator, that is, e, m. i?. induced in generator 
armature by its roUition through tho magnetic field, w includes the generator 
impedance also. 
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The meclianical power dejivercd by the synchronous motor 
(including? friction and core loss), is the eleetric power consumed 
by tlio (j. K. j<\ <?,, hence: 

p = e <•, eos (r, 

thus : cos (V;, =. JL 1 


cos c,) = Jl- 

r 6 ', 


sin (<;, a 


(e, /?,) = /\/ i / £ y 

\^‘ ej J 


The displacement of phase hetween current c and k. m. p, 
e ■= u 0 consumed by the impedance // is: 

(iOS (« 

u 

. , , .V ( 3 ) 

sm (c c) = 

u 

Since the three k. m. k.’s acting in the closed circuit; 

^’0 = K. M. V. of fjjeinirator, 

(<»j = 0. 10. Af. K. of Hynchronons motor, 
ti =: u 0 = K. M. F, consumed by impedance, 
form a trianpjlc, that is, and are comiionents of c,„ it is (Fig, 1 ): 

o c c, (n)s (c„ e) ( 4 ') 

hence, 


cos (c„ a) 




. IfnVe, ’ 

siiKic, however, by diagram ; 
cos («J, C) =r C.OH («, f <— c, d,) 

= cos (c, /?) cos (c, <ij) . j~ sin (<*, /.) sin (r, ' 

substitution of ( 2 ), (H) and (h) m ( 0 ) gives aftin* some transposi¬ 
tion : 

_ v/J fii 2 r y/ sr: 2 Jf — p< (7) 

the h wfulii'mental. Jiff untimi of tfw jSi/nohronouif Mot(>i\ roluting 
impressed is. m. p., j o. k, m. p., e-i ; current, c; power, y>, and 
resistance, r; reactance, «; impedaneo, u. 

Ibis equation sliows, that at given impressod k. m. k and 

given impedance u = three varialileH are left, 6 *,y; 

of which two are independent. Hence, at given and u, the 
current « is not determined by the load p only, but also by the 
excitation, and thus the same current 0 can represent widely 
different loads jO, according to the excitation ; and with the same 
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load, the current g can be varied in a wide range, by varying the 
field excitation Sy. 

The meaning of equation (7) is made more perepicuous by 
some transformations, which separate and c, as function of p 
and of an angular pammeter f. 

Substituting in (7) the new coordinates: 




^ a _ ® + ?/ 

V2 


V2 

a 2 _ A 1 

„ <^1 — « 1 

^ or, - 


V2 J 


L V2 


we get 

substituting again 


— ;r V'a — 2 r jp = 2 ~ \/ ^ 

iO 


hence. 


<?„“ = a 
2 up = h 
r = e u 
H = u Vi — 6* 
2 j’jp = e i& 


- MCt-. 





FlO. 1. 


Fig. 2. 


we get __ 

a — ® V2 — e /j = i'^(l — e®) (2 {»* — 2 — ?/)» (H)’ 

and, squared 

^ Vi (12) 


substituting 


(a ™ s />) V2 


y Vi — = lOy 

gives, after some transposition, 


"f a {a 2 « J)’ 

2 € 


( 14 ). 
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lieiKJO, if 


U = '\/0 ~~ s 


•ir -f- //?•-! j IH) 

the eqiiutioii of a cirt'lo with radius li. 

Substituting now Iniekwards, wo get, with some transpositions: 
|/’ + va' tr) — ur ..... 2 

+ \ r .V (t!C - /r’ r!«) (-’••’ = //J (<-y .t- /. y;). (17^ 

blie Fumdimental Kpmtion of thr fijinoJuumoufi Notor in a 
modiiiod forni. 

The separation (d »?, and e (^au he «dioi*.tt!<l hy tlie introduetiou 
of a parameter <p hy tlio O(piations : 

/•/dt:=:.V //. r„ -4 /• p coS f ) 

r *• (P)=:,s> K )>'j, shi f 

These e(juations (IS), transjjosed, give 

= i "j 2 /7))+ '‘.""(yuH ,/+Kiii^»j */,■„=—4 /• /) [ 
f^i) 74 a/ 1 ( /. Si/'I //V I • \<\/t 4 r y> I 

1 ? '■ '"'++L. (r f) 'V—t '■/> [ 

The Pamnietar Fquatwns of Hw f^yrmhrouoim Motor: — 

The j)araineter ^ has no <lireet [jhysieal meaning, apparently. 

'riiese (3{piati()ns (10) and (20), hy giving tlie values of <3, and 0 
as funetions of and the j)arHm<3ter f enable us to construct the 
Poimr (J/oirmtmoHUm of ihr Synohronom Motor, as the curves 
relating Oy and c, for a given power p, l:)y attributing to <p all 
different values. 


Since the variables r and w in tlm equation of the circle (16) 
are quadratic functions of ey and 0 , the Pouwr (.Iha-rarterintioa of 
the SynohnmouH Motor are QimrUo Ouroae. 

They represent the action of the synchronous motor under all 
(sonditions of load and excitation, as an element of power trans¬ 
mission oven including the litie, etc. 

Before discussing further those Power Ohartieteristics, some 
special conditions may he considered. 
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A. Maximum Outuut. 

Siiico tliu (.ixpitissiou of [Gtjviatioiis (19) und contain 

the 8fj[iuiro root 4 >' it is obvious that the inaxitnuni 

value of p coi-responds to the luoiiient where this square root 
.disapi>ears by passin^^ from i-oal to imaginary, that is, 

<rv — -1 >' p ~ <•, 


Tliis is the same value, wliieli rei>resei)ts the maximum power 
transmissible by k. m. k. e„ over a non-inductive line of resistance /*, 
or more generally, the maximum (lower which can be transmitted 

over a line of impeilance n ~ i circuit, shunted 

by a condenser of suitable cajiacity. 

Substituting (21) in (19) and (20), we get, 

u 1 

^1 = , I 

2 r 


and the disiilacoment of phase in the synchronous motor, 

C.OH (/!„ C) == ii = 11 
0 ei 1/ 

■hence, tan (/;„ c) = — '1 (23) 

lhat is, the angle of internal disjilacemeut in the synchronous 
motor is equal but o|)|) 0 Hite to tlie angle of displacement of line 
impedance, 

(<*„ r) rr ~ a) 

=: -- (u, r) (24) 

and consequently, (q„ r) = b ( 25 ) 

that is, the curnmt a is in (jhase with the impressed k. m. k. q,. 

If u < 2 /*, < c„ that is, motor k. m. k < generator k. m. k. 

If w = 2 /*, =: c„ that is, motoj* k. m. k = generator e. m. f. 

If u > 2 /q > that is, motor e, m. f. > generator e. m. e. 
In either case, the current in the synchronous motor is leading. 

B. JiuNNINO LiOUT, V = 0. 

When running light, or for p = o, we get, by substituting in 
{19) and (20), 
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e,, u A / i i , I 'V I V . ) 

V ~ ■ I + - T 4 ~ - <f i 

r 2 ( n n ) 

, (26). 

r =: ''-1* v i. I 1 -f- cos (f- — ■- sin tf | | 

Obviously this condition can never he fulfilled absolutely^ 
since j) must at least equal the power consiinied by friction, etc., 
and thus the true no load curve merely approaches the curve 
p = 0, bein^ however rf>unded off, where curve (2f!) gives sharp 
corners. 

Substituting /-> = 0 into e(jnation (7) gives, after squaring 
and transposing, 

—‘2 '-i® —2 w® c'* /'(“+2 /•' f‘i '—2 .r G' (27) 

This ([uartic e<piation can be resolved into the product of two- 
quad ratio equatio ns, 

<9,^ -f- -f" 2 .S' G = 0 generator. ( 

e{^ '■* — d? — 2 6' G Gi = 0 motor. j* ' 

which are the tiqiiations of two ellipses, the one the image of the 
other, both inclined with their a.ves. 

Theniiniinum value of o. e. m.f, c. is, = 0 at r = (29) 

it 

The minimum value of current a is, g = (J at Gi = (80) 

The maximum value of w, m. e. is given by equation (28), 

/* = «,’** + G^ — ± 2 a a «, = 0 

by the condition, 

if 

Z= 0 as, G ± .y «, = 0. 

dGy 


hence, 


G = = q: (9,, - 

T U T 


The maximum value of current g is given by equation 
(28) by ^ 

= 0, as 
(I 

,; = «» ,, = (83) 

T r 

If as abscissa} Gi, and as ordinates u g are chosen, the axes of these 
ellipses pass through the points of maximum power given by 
equation (22). 
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It is obvious tlius, that in the cm*ves of Rynchronoiis motors 
running light, pu])]ishecl l)j Mordey and others, the two sides of 
the V-sliapcd curves are not straight lines, as usually assumed, but 
arcs of ellipses, the one of concave, the other of convex curvature. 

Tliese two ellipses are shown in Fig. 3, and divide the whole 
space into six parts, the two parts a and a*, whose areas contAin 
the quartic curves (19) (20) of synchronous motor, the two parts 
B and n^ whose areas contain the quartic curves of generator,. 



and the interior space o and exterior space n, whose points do 
not represent any actual condition of the alteraator circuit, but 
make the dependence <?i, c imaginary. 

A and a\ and the same b and b‘, are identical conditions of 
the alternator circuit, differing merely by a simultaneous reversal 
of current and k. f., that is, differing by the time of a half 
period. 
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Each of the spsujes a and « containB one [joint, of equation 
(22), reprosentinj? the condition of nniximuin output of gonemtor, 
viz., synclironoiis motor. 

(J. Minimum Cukkknt at (Iivicn Powkk, 

The condition of inininiuni current, f?, at jriven jjowor, m de¬ 
termined by the absence of a pluise <lis[)lu<;cnient at the impressed 

IC. M. V. c,„ 

(c,„ <■;) = 0,. 

This gives from diagram Fig. 2, 

-j- fr u' — 2 ~ (33) 

n ’ 

or, tmnsposed, 

— a rf -b fr ,v" (34.) 

Tins ([iiadratic <*.urve paHse.s tlirough tlie [joint of zero current 
and zero pow(ir, 

<,! “ 0 , <•, 

tlirough the [loint of ina,\imuni power (22), 

“2r ' 27* 

and through the point of maximum current and zero [jowor, 

a = *!!!.^ ( 35 ) 

and divides each of the ([uartic curves or [lower <*.liaract.eristic6 
into two .se(jtion.s, one with lemling, tlie other with lagging cur¬ 
rent, which sections are se[)arated by the two [loints of curve (34), 
the one corresponding to minimum, the otlier to ma.ximum 

current. 

It is interesting to note, that at the latter [mint tlie currcntcan 
be many times larger than the current which would [iukh through 
the motor while at rest, which latter current is, 


while at no load, the current <!an rea(jh the niaxiniuni value, 


the same value as would exist in a non-inductive <iireuit of the 
same resistance. 
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The inininium value at c. is. m. i*. at which coincidence of 
phase, (<?(), c) = 0, can still be reached, is determined from equa¬ 
tion (34) by, 

'^5 = 0 

do 

'V 8 ' OTX 

•ir u 

The curve of no displacement, or of minimum current, is shown 
in Fi^>:8. 3 and 4 in dotted lines.* 


1). Maximum Disx'laokmisnt of Phase. 


g) — maximum. 

At a given powerjo the input is, 


Pu 

= yx + fr p = (\f a cos (<?o, a) 

(38) 

hence, 


(39) 

At a given jiowcr y», this value, as function of the current c, ia 

a maximum when 

this gives. 

== 0 

(i G \ 6(^0 ) 

p = r 

(40) 

or, 

r 

(41) 


That is, the displacement of phase, lead or Itig, is a rnaxhnum, 
when the jiower of the motor eijuals the power consumed by the 
resistance, tliat is, at the electrical eflicicncy of 50 per cent. 

Substituting (40) in equation (7) gives, after squaring and 
transposing, the Qiiartic K(]uiition of Maximum Displacement, 





««(5 9 ^ — 'w**) 

+ (42) 


1. It is interesting to noit?, tliat the equation (84) is similar to the value, — 
which ryiroscnts the output transmitted overall inductive 

line oC impedance u = Vr* ^ into a iion-iiiduutive circuit.^ 

Equation (514) is identical witli the cipiation pfiving the maxhnuni voltage 
at current e, whicli can bo tirodiujed by sliunting the receiving circiut with a 
condenser, that is, the condition oX “complete resonance”oI tlie line u = 

Vr* q- with current 0 . Ilonco, referring to equation (!15), ss Cq is the 

maximum resonance voltage of the line, reached when closed by a condenser of 
reactance, — «. 
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The curve of maxiiiimu (lisplacement is shown in dash-dotted 
lines in 3 and 4. It passes through the point of zero current 
—as singular or nodal point—and through the point of inuxirnum 
power, where the maximum displacement is zero, and it inter¬ 
sects the curve of zero displacement. 

E. Constant Countku E. M. F. 


At constant o. n. m, f., = constant. 



the current at no load is not a minimum, and is lagging. With 
increasing load, the lag decreases, reaches a minimum, and then 
increases again, until the motor falls out of step, without ever 
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coininf? into coineidenco of pliust*. 

If, A/rr?! 


< 


< ^ 0 , 


the current is at no load; with increasiiif^ load the lag 

decreases, the enrrent eoines into coincidence of phase with Bq, 
then becomes leading, reaches a niaximum lead; then the lead 
decreases again, the enrrent comes again into coincidence of 
phase, and betunnes lagging, until the motor falls out of step. 

If Bo < the current is leading at no load, and the lead first 
increases, reaches a inaximnm, then decroase,s, and whether the 
current ever comes into (u>incidence of jihase, and then becomes 
lagging, or whether the. motor falls out of step while the current 
is still leading, depends, whether thee. n. m. f. at the point of 
maximum output is > <3,, or < fv 


F. NuMisitioAii Instance. 


FiffS. 3 and 4 shows the characteristics of a 100 k.w. motor, 
supplied from a 250!>-volt generator over a distance of 5 miles, 
the line consisting of two wires. No. 2 B. and S. G., 18 inches apart. 
In this case wc have, 

Cq = 2500 volts (jonstant at generator terminals. 
r = 10 (dims, including line and motor. 

n == 20 (duns, iucludiug lino and motor, 

hence, u = 22.30 ohms. 

Substituting these values, wo get, ^ 

2jS00* — — 500 20 ^ = 40 Vg^ Bx —^ 

\ex^ + 500 -- 31.25 X lO" + 100 

+ j2 --- 1,000 = T.B125 X 10« — 5 + Wp. (17) 

tf,=5500 __ (t9) 

V^ 1(1—3.2X1 U“<’/>>)~F(.804e()8^~l--.447sin^) Vl —0.4X 

(}1£=559 _ _ (^Q) 

4/f[(iZ3 2X 10“V)"K894 co 8f f 



Maximum output, 

j) = 166.26 K.W. 

at, «i = 2796 volts \ 

0 =s 125 amperes J 

Rimning light, 

4- 500 — 6.26 X 10* AO OBi^O 

«, = 20 « ± /6.28 X 10* — 100 


( 21 ) 

( 22 ) 

( 28 ) 
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At. the minimum vaiiuii of o. k. m. k. =: 0, w, o = 112 (29^ 

At tlie minimum vjiIucj of <mm?nt, a =; 0, is, — 2500 (30) 

At the imixinmm valne of o.k.m.i*. <*, = 5590 is, r. ~ 223.5(31) 

At the maximum value of current, o == 250, is, = 5000(32) 

Curve of zero displacement of ))lia.se, 

~ 10 i'^(250 — (if -I- 4 <? (34^ 

= 10 

Minimum c. k. m, f. point of this curve, 

<• 50 c, = 2240 (35) 

Curve of maximum displacement of i)hase, 

p =. 10 (40) 

(0 25 X 10« — eff -1- .05 X !<»« c' — 10'" o' ~ 0 (42) 

Fig. 3 gives the two ellip.scs of zero power, in drawn lines, 
with the curves of zero displacunncmt in dotted, the curves of 
ma.ximum disidacernent in da.sh*dott,ed line.s, and tlie points of 
maximum power as crosses. 

Fig. 4 gives the Motor Power Cluiracteristics, for, 

p = TO K. w. 

p = 50 K. w. 

p = 100 K. w. 

p =2 150 K. w. 

p =: 15(1.25 K. w. 

together with the curvtjs of zero displacement, and of maximum 
displacement. 

G. I)r8tnJs.sioN of liiisui/rs. 

The eharaetoristic curves of the synchronous motor, as shown 
in Fig. 4, have beeti observed l)y me frocpumtly, with their essen¬ 
tial features, the V-shaped curve of uo load, with the point 
rounded off ami the two legs slightly (uirved, the om* concave, 
the other convex; the increasoil loundingotf and contraction of 
the curves with increasing load; and tlm gradual shifting of the 
point of minimum current with increasing load, linst towards 
lower, then towards higher values of o. k. m. f. 

The upper parts of the curves however I have uev«;r been able 
to observe experimentally, and consider it as probable, ( hat they 
correspond to a csondition of synchronous motor running, which 
Is unstable. The expei’imental ol)servation.s usually extend about 
over that part of the curves of Mg. 4, which is reproduced in 
Fig. 6, and in trying to extend the curves further to either side, 
the motor is thrown out of synchronism. 
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It must 1)0 mulcrstood, however, that these power character¬ 
istics of the synchronous motor in Fifij. 4- can be considered as 
approximations only, since a number of assumptions are made, 
which are not, or only partly fnliilled in practice. The foremost 
of these are: 

1. It is assumed that e, can be varietl unrestrictedly ; while in 
reality the possible iiun-ease of c, is limited by magnetic saturation. 
Thiis in Fig. 4, at an impressed k. m, v. f’,, = 2,5«!0 volts, e, rises 
up to 5,500 volt.s, whi(;h may or may not be beyond that which 
can be produced by the motor, but certainly is beyond that which 
can be constantly given by the motor. 



2. The reactance .V is assumed as constant. While the reactance 
of the line is pnuiitioilly constant, that of the motor is not, but 
varies more or less with the saturation, decreasing for higher 
values. This decrease of .<? increases the current o corresponding 
to higher values of and thereby l)ends the curves upwards at a 
lower value of than represented in Fig. 4. 

It must be understood that the motor reactance is not a simple 
quantity, but represents the combined effect of self induction,, 
that is, the k, m. f. induced in the armature conductor by the cur¬ 
rent flowing therein, and armatui’C reaction, that is, tlie variation 
of the 0 . ®. M, K. of the motor by the change of the resultant 
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field, due to the Hiiperjiositiou of the m. m. i.\ of the. armature 
current upon tlie field excitation. 


3. These curves in Fi^. 4 re]»resent the eonditions of constant 
electric jiower of the motor, thus incln<linj»- tlu‘ mechanical and 
the mu^^netic friction (core lo.ss). While tlie meclianical friction 
-can be considered as a[)proximat,ely (auistant, the iuai;netic fric¬ 
tion is not, but increases with the magnetic induction, that is with 
and the same Indds for the power consumed for field exci¬ 
tation. 


Hence the useful mecluinical output of the motor will on the 
same cin-veyy ™ (^onst. lie lar^j^er at [joints of lower o. k. m. f. 
than at points of higher Cj, and if the tairv(?s are [)lotted for con¬ 
stant useful mechanical output, the whole system of <nirves will 
be shiftial somewhat towards lower values of hence the points 
•of maximum output of the nmtor correspond to a lowin* i<:. m. f, 
also. 


It is obvious that the true mechanical power (jharacteristics of 
the synchronous motor can he determined only in the ease of the 
particular conditions of the installation under consideration. 
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I)is('u.ssmN IN Nkw Yokk. 

Mk. Kkxnki.i.y : -This subjoct is so very interesting and it is 
capuhlo of siicli very bi«iutit‘iil expression, tliat if Mr. Steinrnetz 
will pardon me for making nxmi on the hlaekboard, 1 think it 
might interest some of thosi‘ who liave followed Mr. Steinnietz’s 
able exp(»sitio!i of it to see the same results and the same treat¬ 
ment presented under a dilVm’ent point of view. 

The fundamental relations of the eontimious current motor 
are two, nanu'Iy an k. m. k. relation and an activity relation. If 
/i'he the impressed i-:. m. k. at armature terminals (volts) 

“ counlt!!* I’.. M. K. in the armature (volts) 

Ji “ resistance of the armature (ohms) 

/ “ current through the armature (amperes) 

I* “ aid ivity absorbed electro-dyuamieally by the arma¬ 
ture (wjatts). 

Then the drop in the armature resistance must he (A — volts, 
and this divideil by the resistance of the armature must give the 
current in the motor by ()hm’s law, so that 

'' a> ' 

The prodiK't of the current and the o. k. m. f. of the motor 
must he the activity uhsorhi'd by the armature and expended in 
niechanii^al output and in overeo’miug frictions of every kind, so 

that , . 

e / /\ (2) 

The V. K. M. K. e depends uiion the speed and excitation. For 
a given excitation the spi‘ed of the armature automatically ad- 
juks itself until the right aiuount / of current passes through, 
to enable c / just to alisorh the power needed for output plus 
frictions. 

In the symdironous alternating current motor we have the 
same eipiations, em])loving the same terms, but with their mean¬ 
ing slightly extended to suit the changed condition. The speed 
of the armature cannot now change, a.ssuming the geneiutor to 
run at a constant sjieed, and the e. ic. m. k. of the armature de¬ 
pends entirely on tiie excitation. It the o. k. m. f- was restricted 
to being in tihase with the impressed k. m. k., it is clear that 
with einiations (1) and (2) could oidy be satisfied by giving just 
the right excitation, and that the relations would he mi8tal)le,tor 
any change in the load would upset the relation until a new and 
correct field excitation had been given to make c properly limit 
the entering current. But if, as is found to be the case, the 
o. 10. M. F. e can differ in phase from AT, a new means of automatic 
adiustment is jirovided. The resistance A? of the armature be¬ 
comes, in the case of an alternating current circuit, an impedance 
</ (ohms). Also, when the current and the o. lo: m, f. are out of 
step, the activity P is not their simple numerical product, but 
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tlioir co-iliivcttMl pnMliict, v'.r., flie pnultujt of oiio and the rosolved 
part of the «»tlu>r in its diivetion, viz. : 

/ cos a = /^, 

« heinir the aiio-k* of phase diirerenee. The fundamental ecina- 
tioiis of a synch ronons motor ar(>, therefore, * 

/C- s . 

j 

t‘- / cos a = P. 

In etpnition (d) E s J and I are all v'oetor «piantitios, while in 

(apiation (4) sill the qnsintitles sire nnmerles only, c and / hoin«»- 
tlie nnnihei of volts «iud simj)ei“t?s m s sind / respesdivs.dy, without 
rei»-ar<l to direction. The eonsiMpienctis of thesi' relations sire moat 
clearly msinifested n'raphis^ally. 


Soparatoty Exoitod 
Coniiauouo Currant Motor 


Soparatoly Exoitod Synohronau* 
Alternatin(; Currant Motor 


Aftrrprrr^rr; 
Drop Q 


'1260 voitu 

cT&M.TFr 


C> 

! 

A<'~-rrri,— 

d; 


0 aOOO volln 


Fm. 1. 



S so ohm* 


p .50 ohma 
FlO. 3. 


If we take a 1,250 volt eoiitinnoiiH enrrunt motor of 50 oIiiub 
armature resistance, and let it rim under a load such tliat ite 
metdianical output is 4 kw., then the losses of activity in friction, 
hysteresis and eddies (by nieasiirement or eoniputatiiui) mip;!!! bo 
5 KW., inakinp: the power absorption /*s= 5 k. w. and the current 
in the armature 5 amperes. The drop in the armature will be 
250 volts, and the 0 . k. m. f. 1,000 volts. 

If the line a h in Fik^ 1 represents 1,250 volts to scale, and 
the line n o beneath 1,000 volts, then Ji — « will be a 0 , or 250- 
volts, and this divided by the resistanee of tlie armature 50 ohms 
gives 5 amperes the current in the motor. 

Taking'now the corresponding ease of an alternating synebron- 
ons motor, a b (Fig. 2) represents the m. m. f. e of 1,250 volts at 
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torniiluils. 'Plui c. k. m‘ k. £ will not nsnally be in phase with 
this, bnt limy havr an incliiuHl direetion, such as n c, IxMieath, of 
I 0(M volts ma.unitmle, this (;. k. m. k. will, ne.irloetinj^ the second¬ 
ary effects of armature reaction, remain constant at all loads 
wfien tiie excitation of the field magnets is constant. E —e will 
therefon* b(‘ a n - n e or a Fig. % shown as Jfh-f volts, and 
this will he tin? drop in tin* armature, instead of iioO volts in the 
continuons current case. To liiid the current, wc divide A c hy 
the impedance of the armature. If the armature resistance 
/• nr 50 (dims, and its reactance .v = say 50 ohms, the impedance 
will he J -- T(h7 /45" (dims, as shown in Fig. ± If we divide 

853 5 

this into a e, we not only (ditain the nmnerical (]notient~~y = 5 

ampere^s, hut wo lay (df this (piotient along ah inclined at the im¬ 
pedance angle 45" from a <j, in accordance with the rules of 
vector division. In this case a n happens to he in phase with or 
parallel to n o the e. lo. m. k, so that their co-direeted product is 
their simple iinmeri(*al product a X 1000 = 5 k.w. the aetivitv 
rnec.liaiiically ahsorhetl hy the armature. Usually, however, tht^^ 
will not he parallel, hut will include some angle a less than 00 . 
The phase angle hetwecui e and A’will therefore be such that the 
vector drop a e, which must connect a with some point on the 
circle ii o k of radius e, when divided hy the vector impedance </, 
gives a current whose (jo-directed product with e gives the iuitiv- 
ity which the motor reijuiresnt its imposed toripie. 

‘The separately excited continuous current motor adjust its 
current hy its sjK.-ted and (\ k. m. i*'- *1 he separately excited 

synchronous motor cannot alter its speed or e. k. m. f., hut lul- 
i’usts its current hy its phase of o. k m, f. By varying the 
magnet excitati^m and, therefore, the o. k. m. f. of the armature, 
the phase angle of tin? current for a constant load can be widely 
altered. It can be made to lag beliind, to run liefore, or to keep 

step with the impressed n. m. k. 

'1.)k. IThmn I would like to add one or two remarks h) 
what 1 have already said, merely as a eomnientto Mr. bteiimiete s 
remarks. Tlie differences bet\\men Mr. Steinmetz’s method and 
that of Limitenant Meher are essential if 1 understand Mr. 
mete c.orreetly. The practical results to wdiich they lead will, of 
course, be the same. They (!an be stated as followsthat Mr. 
Steinniete defines his (puiiitifies hy calling them certain names, 
lie calls a thing “im|>edancc ” and defines it by saying that it is 
the product of an electromotive force multiplied by a current. 
Tlie reactance is then defined by the relation wlune 

y* is the resistance, A the reactance and 'W the impedance.^ Jhe 
electromotive forces, and the (uirrents are given by the amplitudes. 
The Imck electromotive force is the k. m. f. of the motor. Jhese 
definitions are iion-cominittal and therefore Mr. bteiiimete s re¬ 
sults will be true even if hysteroBis, honcault current, and mag¬ 
netic leakage are present. But if they are to hold true in the pres- 
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ence of these, then tlie quantities which they deline arc only experi¬ 
mentally measurable quantities, and cannot l>e calculated by a 
general formula; as we can calculate, for instance, the coefficient of 
self-induction of a coil surrounding a closed magnetic circuit in 
terms of the number of turns, and tlie reluctance of the magnetic 
circuit, when the modifying effects due to the Foucault currents 
and magnetic leakage are neglected. 

Of course to a pmctical engineer who wishes to consult the 
results only, Mr. Steinmetz’s results are just as valuable as any 
other. ^ But to a designer or to an inventor, or to an investigator 
who wishes to go beyond the actual results, and inquire into the 
causes of armature reactions, magnetic leakages, variation^ of 
permeability, etc., the theory which speaks in terms of those 
quantities as defined in Lieut. Reber’s paper seems to me to be 
much preferable. Besides the fundamental theory of a new appa¬ 
ratus like the motor should be written in terms of the fundamen¬ 
tal quantities, that is resistance, co-efficient of self-in dnction, and 
capacity, as ideally defined. It is a theory of an important prac¬ 
tice, and it is intended to be the foundation on wliieh the mem- 
bers of this Institute are going to build, and in the course of this 
bmlding up it will be time enough to take care of hysteresis, 
hou^ult currents and magnetic leakage. If you look at the 
question from^ the fundamental standpoint, you must take an 
Ideal view of it, and therefore you must treat the fundamental 
quantiti^ like resistance, self-induction, and capacity in an ideal 
sense. The theory so constructed, as I said before, will serve 
wo [lurposes. It will express relations of the fundamental quan- 
riries in a.n ideal, and therefore perfectly definite sense: and 
secondly, it will give you a hint why in a given case practical 
results differ from the purely ideal relations. It will ^Ve you 
unts which may lead to^ discovery of new properties of the ma¬ 
terial of which the machine is constructed. It will assist you in 
investigating the properties of the various parts of electnc and 
magnetic circuits-the properties which you did not take into 
consideration in the ideal theory, but the existence of which will 

practical results differing froruTe 

anotheivreason why, in my opinion, Lieut. Reber could 
Stemmetz’s method. If he had adopted this 

considered the quantity 

resistance; and how could he, for 
instance, anuve at the result that it is a very good thing to intro- 

toTono opacity in a motor ii you want to vary its 

torque. So that I do not agree with Mr. iCennelly or with Mr 
Steinmetz that because one theory seems to be totally simpler 
than another, that it is more desirable. One theory may be ffood 
for one man, the other theory is good for another manf andrthat 
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tliforv wliicli is to scM'vr as the l‘im(laiiioiit!il theorv, say, of an 
induction mot»>r, must take iiit«» consideration, not the mean 
value* of experimentally detiaaninahle (piantities, like impedance,. 
c.(mnt<‘r-eleetromotive force, etc., but the hindaniental quantities, 
the idejil resistama*. the self-induction, and the capacity, and that 
too the values of these quantities for ideal conditions, forit is under 
these conditions only, that we cai» calcnlate heforeliand the nu¬ 
merical values of these (|uantities. 

Mk. Stkinmkiz : -1 think Prof. Pupin misunderstood, due to . 
the shortness of what I said. These equations of the induction 
motor, which I wrote here, .tfiviiiu; the tonpie and the power, did 
not contain t.lu* impiahuic.t!, hut <*.ontaiued the resistance and the 
reactance. 'Phe <|uantity, .v, is nothing else than — 2 tt JV L. 
As louijj as the frecpiency is the same, the reactance remains the 
sjiine, siiul in the impedance of the armature 1 u.sed resistance 
and reactn.nc.e separahdy, and in the latter introduced the slip so 
as not to j^et a variahlc! quantity, l>ut redimed to reactance at 
standstill. 


Thus all the <piantities used hy uk^ are re<luced to the funda¬ 
mental constants, resistance^, inductam^e, capacity—which is 
ahsent in an imluctiou motor—and c.oetKcient of hysteresis. The 
armature resistance is (^«)nl:ained explicitly in the equation, and 
it was from thes(< vitry ecpialious t hat I iuvestijjjated its effect. 
Therefons tin* exceptions made l)y Dr. Pupin do not apply to 
niy theory. 

'Du. jh'n'iN .Put y(»u do not specify that yon are neglcctinj? 

leakage and hysteresis; as long asyctu do not do that, so longwill 
6‘ he not tlui rliaclaiiee tliat can he expressed in mimher of turns, 
length, eross-.sec.tion, and permeability of the magnetic circuit, 
etc., hy the well-ku(»wii rules, Imtwill hcu(iuuntity thatcan be de- 
termiiied hy actual <\\p(‘ruueutal test only. 

Mu. S'l'KiNMK'r/,: --1 do not think that is so. When I want to 
build a lOd-horst? power induction iiudor, if 1 should build it iirst 
and then didcu’iuinc hy actual test its reactance, etc., Ido not think 
that such a way of <lesiguing would d<* for a long time. All 
these qnantiti(!s are determined hy ('jilcidations heforeliand, and 
when I said that I build the induction motor so us to give a 
starting tonpie oO per cent, in excess of running tonpie, this is 
not done l>y nmniiigthe motor, and experimentally determining 
what resistanee gives tlie desired tonpie, hut the resistance is cal- 
cnlateil before the motor is built, and the test of the finished 
motor merely cheeks the iralculation. 

Du. PuuiN If you take those values, you ought to say intho 
beginnitig of the pajier that you are neglecting hysteresis and 
leakage. 

Mu. 8tkinmkt/, ;—No. Hysteresis is not neglected. 

Du. PniMN No man in tlie world can calculate the cocfHcieiit 
of self-induction of a varying magnetic circuit in which the per¬ 
meability and tlie distrilmtion of tnagnetic indnetion is continu¬ 
ally varying. 
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Mr. Steinmetz :—The permeance does not vary. The iron in 
an induction motor necessarily is worked at a low magnetic in¬ 
duction, where its permeability is so high, that tlie reluctance 
of the magnetic circuit is practically all the reluctance of the air- 
gajp. I can show you such motor magnetization curves, wliere 
I had the same induction motor running at various magnetic 
inductions, that is, at various impressed electromotive forces. 
The curve of current, that is, of m. m. f., as function of the 
E. M. F., that is the magnetic induction, is practically a straight 
line, which extended, passes through the origin. I’hat is, the 
• m^netic reluctance is practically constant. 

I)e. PupiiT I —If that is so, and I think it is so, as you say, then 
hysteresis and the variation of the magnetic pei-iueability and tlie 
variation of the magnetic leakage with the load does not amount 
to quite as much as you led me to infer in your discussion of Mr. 
Reber’s paper. 

Mr. Steinmetz No. That is a different thing. The hys¬ 
teresis may vary, and so may vary the magnetic stray held, and 
the useful flux. But the reactance has nothing to do with hys¬ 
teresis. It is entirely independent. The magnetic leakage means 
the magnetic flux passing between armature and held, between 
primary and secondary circuits. If you take an ordinary induc¬ 
tion motor and have no resistance in the armature, a highly effi¬ 
cient induction motor, then at standstill more tlian half the ffux 
passes between the primary and secondary, and tlie product of 
the two Z’s is very greatly different frpm m It is nearly four 
times as]aige. 

Conung now to the theory of the synchronous motor, the 
^antities introduced in the equations are: the impressed e. m. f., 
the counter E. M f., pd the impedance. The counter e. m. p. is 
mdueed in the armature conductors by their rotation 
through the maguetic held, thus is derived from the magnetic 
charactenstic of the machme, which can be determined experi- 
mentally or calculated as known. The, impedance is composed 
of the resistance, r, and the reactance, ^ 

fu quantity which is variable and of complex nature is 

the reactance of the motor proper, which includes the self-induc- 
armature reaction. Thus this quantity has been 
specially discussed by me in the last chapter. 

■ reduce all the quantities entering the equations 

to their elementary constants, which can be determined experi- 

^ beforehand, becauL a 

theoiy of any machine is very nice and of high scientific interest 
bnt to be naeM, the eindition ia tharyoTe^rdeteS 
all the quantities which enter into the theory beforehand bv pal 
^khon, the ^ eondition is, that yon iarSy dl^e 
these quantities by experiment to check the correctness of vnni- 

S^rtoelhmW jou can easily r^g. 

[A^otS.] * praetical appheation of yonr theoiy. ® 
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[Discussion in Chicago, Oct. .17th.| 

Mu. M. A. Edson :—In disciissiiiju; a paper of this kind we 
•cannot, of course, i^o intt) tlie niuthoniatical details and blackboard 
work, as it bcc<)me.s very nninterestinijj to those not directly 
interested, and is very imicli in the nature of pure niatheinatics. 
But still you can look at it in another liii;ht: that it has sotne 
practical value in special ilesign ami should form a useful ad¬ 
junct to our all but too small data on the subject of synchronous 
motors, and we will assume the theory to he correct until 
proven otherwise by praidicc. The conditions under which 
such motors are generally constructed arc such, that the appli¬ 
cation of the best theory on paper as to the rough, practical 
problems of every day construction, do not always produce the 
best ultimate results; in other words, the motor will rarely 
match the theory, 'riiere are, of course, other points in this 
paper which I have not gone into very fully and looked over; 
but wlien we turn to the last note, thm’c appears a little para¬ 
graph wliich seems to explain the whole thing. It says: “It is 
“ obvious that the true mechanical power characteristics of the 
“ synchronous motor can be determined only in the case of the 
“ peculiar conditions of the installation under consideration.” I 
think that is about all the dij-cussion T have upon that particular 
subject, and I hope there are others here, and believe there are, 
who will take it u)i in more mathematical form and enlighten 
us more on the principh^ emlxidied in the theory. 

WiLiiVimNo ON Mkasurino Instrumkntb. 

|.Soc. p. 47«.l 

Tmfl OiiAiRMAN :—'riiere were two papers read at the Phila¬ 
delphia meeting of the Institute, which arc to be taken up this 
evening for discussion. 

All the members, of course, liave seen tlu'se papers. One is 
by Mr. Elmer G. Willyoung on “Standardizing Electrical 
lAeasnring Instruments,” and the other bv Prof. It. B. Owens 
and U. A. Skinner on “'I’cst of a Glosed-Goil Arc Dynamo.” I 
will ask Mr. J. G. W ray, of the Chicago Telephone Company, to 
•open the discussion on Mr. Willyoung’s paper. Wo will have to 
assume in this case also th^t the paper has been read. 

Mk. J. G. Wuav I notice that there is already a very good 
discussion of this paper by Mr. It. 0. Heini’ich. In some things 
I will agree with him, but in others I will differ. He speaks 
about the use of this instrument for laboratory practice, and says, 
“ wliere time is usually a minor consideration, the potentiometer 
“ would be commendable; but when it comes to accuracies as 
“ liigb as one-ten til of one per cent., I should always take the 
•“ silver voltameter and a standard resistance as a last resort for 

a check on the standard cell.” 

Mr. Heinrich, in his discussion, seems to favor the use of tlio 
voltameter in standardizing measuring instruments. My experi- 
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once witli the silver voltameter has demonatratod the fact that 
tills method is altogether too delicate f* r the tiverat^je station 
eleetrieiaii. In order to get the best results, or even results of 
moderate aceuraey, some consiilerable experience with the 
mcthoil is neeessary. The trouble seems to be in aecnrim'* the 
ri^dit current density. Von may take the electrodes of 'luelt 
size as to attain the rii^ht current density, but still there is a 
chance for trouble. The electrodes may not be parallel, or the 
electrolyte may vary in density, thus causing an increase in cur¬ 
rent, density and a granular dcjmsit. With gi*eat cure e.verciaed 
during the experiment, and with |»njeision and actniiacy in all 
mca-urem.nts, very good results may he attained; but in the 

bands of any but a laboratory expert, results will be sadly incon- 
sistent. In regard to ilie potentiometer itstdf I am surprised that 
such c.xtreme accuracy is claimed, an accuracy which is phenom- 
eual and hardly consistent with the variation found in a Clark 
cell. Ibc sliding contact in connection with tlio Unvor resis¬ 
tances, would, us Mr. Heinrich bus shown, alTect the accuracy of 
measurements. The maeliino is too complicated, has too niany 
levers attd switches. What is needed in a station is a direct 
reading instrument f»f fair accuracy. 

Mu. S. A. KHoi>Ks:~--Tiie 1101111 * point in the potentiometer, I 
t nnk, i.s that it is a standard instrument, jilaced in a portable 
sliapo, comparing in this respect with standards of resistance 
fhu potentiometer couhl only he used as a standard instrument 
lor the reason pointed out by Mr. Heinrich, that tlie potonti’ 
ometer method being a zero inetliod would reouire a constant 
current for comparison, in order to obtain an aceumte balance. 
However, many users of portable voltmeters would, I think, be 
gieatly relieved at times,to ho able to compare their instruments 
loadily with some standard not liable to change, <lue to decrease 
m strength of the permanent magnet, or ehango in tension of 
spring. As it is iiovv, such voltmeters are returned to the luann- 
faeturers for calibration, and alter some delay and expense, re¬ 
ceived hack from them, still liable to the suspicion that they 
were severely handled in transit and thereby still liable to error. 
If a bridge and standard cell are at hand, tlie user of the port^ 
able voltmeter can, after a somewhat tedious series of adjust- 
inents aiul eulculatioris, obtain a calibration of liis voltmeter. It 
IB this series of adjustments and calculations which are performed 
by the potentiometer directly, and the potentiometer would, 
thereby, be valued in proportion as its labor saving qualities 
would he apjireciatcd. 

XitoF. M.^ Stink —I he idea of arranging the potenti¬ 
ometer, which is essentially a laboratory instrument, so as to 
place It on the market for cmnmercial testing, is not a new one. 
When the probable sources of error are considered together with 
the delicacy mid complexity of the method, the attempt seems 
rather rash. Though this is not the first attempt, yet so far, I be- 
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lieve, the others have been cleiiioiiRtrated to be partial failures. 

The potentiometer method is admirably adapted for the com¬ 
parison of low K. M. f’s., such as are produced by standard .and 
other cells. Ilowtwer, when the standard cell is employed as the 
unit of K. M. K., and this is multiplied in varioiLs ways to offset 
voltajjje varying from 100 to .‘100 volts, an eiTor which in itself 
may be inapiu*eeiable bi comes a factor which cannot be over¬ 
looked. I (juestion if a standard cell in ordinary commercial 
testing can ho relied upon for any length of time. 

1 think the expori«‘nco of the London Board of Trade is of 
value in this connection. I understand that they employ fall of 
potential nudhods for the evaluation of k. m. f’s in preference to- 
the standard cell. A case of coils wound to carry about .25 am¬ 
peres, and the total resistance divided into 50 coils of equal 
resistance, and provided with suitable contacts, would constitute 
a less expensive and more reliable piece of apparatus. If the 
coils were of mauganin wire and immersed in oil, the tempera¬ 
ture error could be kept very low. A Weston mil-ammeter 
could he employed to measure the current. If the apparatus was 
properly constructed the source of error would lie prmeipally in 
the readiug of the current. But since the error is not multiplied, 
tiie method may he relied upon to a small fraction of a per cent.. 
tliroughout the range. Since the error in this case depends 
upon the ammeter, the quesiion arises, why not employ a volt¬ 
meter of standard makes at oncel! lii the first place the mil- 
ammeter is more reliable and accurate, and further it is coinpai’a- 
tively easy to chock its readings by the use of a voltameter. 

My oxperienco, however, witll Weston instruments inclines 
me to believe a Weston voltmeter used only for standardizing 
purposes, will in general use, prove us accurate as a potenti¬ 
ometer. Kecontly, I had occasion to compare eight Weston volt¬ 
meters at 110 volls, and found that the actual variation did not 
exceedper cent. 

I question whether Mr. Willyouiig’s attempt to make hia 
apparatus complete and compact by including the galvanometer 
is wise. I do not know if the galvanometer is sufficiently sensi¬ 
tive for this class of work. The galvanometer being inclosed in 
the case cannot readily be gotten at for adjustment, and from its- 
construction will doubtless readily get out of order. 

I have the pleasure of showing to the members of the Insti¬ 
tute, this evening, a potentiometer made by Nalder Bros, and 
Co., of London. As a piece of apparatus it is not complicated, 
and seems about as well adapted to general use as it is possible to 
construct a potentiometer. In this instrument the resistance is so 
proportioned that there is a drop of one volt over each 2()0 ohms. 
A standard cell is oppOi^ed to the drop over a coil whose res's- 
tance is 203 times in ohms the e. m.f. of the battery. A galvan¬ 
ometer included in the battery circuit indicates when the two 
B. M. e’s. are exactly opposed. 
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The diagram very clearly indicates the resistance relations of 
the apparatus and its method of use. A suitable galvanometer 
is connected to binding posts 1 and 2. The source of the main 
E. M. F., either lighting or storage battery mains, is connected to 
posts 4 and 6, wmle the voltmeter to be calibrated is connected 
to 3 and 6. These connections are suitably indicated on the 
ebonite top of the case. It will be noticed that the instrument 
contains two standaid cells, which may be opposed through the 
^Ivanometer for the purpose of checking. One of these cells, 
by a spring attachment to the contact is always used in calibra¬ 



tion, while the_ second is reserved for checking the first one. 
Th*s suffices to indicate when the working cell becomes unre¬ 
liable. When the 2(^,000 ohm coil is short-circuited by inserting 
the plug, the instrument will check to 111 volts by tenths. This 
coil compensates for a drop of 100 volts, so that removing the. 
plug, the range extends over 211 volts. 

An objection has been raised to the use of such apparatus on 
incandescent mains. I find that a dynamo run on- a light and 
constant load answers very well for furnishing e. m. f. for such 
testing, and can be varied so as to give a sufficient number of 
points for calibration of voltmeters. 
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New York, November 21st, 1894. 

Tlio 91st mooting of the Inotitutu was held this date at 12 
West Thirty-tir.st street, and was called to order at 8.15 p. m. by 
Rresiibrnt Ilonston; 

•IMie Secretary read the mimites of the meeting of October 
ITrli, 18!»4. 

Thk —Gentlemen, yon have heard the minutes of 

the last stated mooting. What action will you take on tliern ? ^ If 
file Chair hears no objection he will consider them as being 
approved. They an^ apiirovod. The Secretary will now read 
the names of a.sao{;iatt5 memlmrs elected at tlie 'Council meeting 
toahiy, and also of those transferred to full membership. 

Tlie Secretary read tluj following list: 


Nhihc. 

V\fM*t.CTUN, 

Aiionnii, 1’. 
Ashwjv, Fuaniv M. 
Iba/AItll, tlUAHI.KS 

1)avkni'(»ht, 0. (1. 
JIaiiawav, W, S., Jr. 
HKDBNBBttO, Wm. L. 


Kndorsed by 

T. 0. Martin. 
Jos. WctzlQr. 
fleo. M. Phelps. 


F. H. Crocker. 


• Aildi’css. 

Mhielrieal ISn^iueor, The lillee- 
i I'iij .Sloraffci lialtciry Co.; resi- 
ileiKHi, 7on .South Washington 
Stiuare, Philudelphia, Pa. 

Sl.tuhuit in lOleotrloal Engineer¬ 
ing, Columbia College ; rosi- Max Osterborg. 
donee, (birdcm City, L. 1. W, II. Freedman. 
Masl.or Mftdinnie, A.sliley Engin- Townsend Wolcott, 
eering Works, Ilawthorno, Joseph Sachs. 
N. ,1., laO Ijibcrty St., N. Y. W. A. Rosenbaum, 
(leitoral Saks x\geut, Electric Townsend Wolcott. 
Storage Ihiitcry Co., B’way; E. T, BIrdsall. 
residence, 7(1 Madison Avc., P. Rockenscaun. 
N. Y. (Jity. 


Expert and Agent, General Elec¬ 
tric Co., 44 Broad St., N, Y. 


City. 

Electrician, Central Electric 
Heating Co., 20 Oovllaiidt St., 
N. Y. City. 

Draughtstnaa, W. R. Fleming & 
Co. ; residence, 88 Olincoii 
Place, N. y. City. 


J. R. Lovejoy. 
C. D. Tltiskins. 

J. H. Vail, 
J oaoph Wetzler. 
Ralpti W. Pope, 
i. C. Martin. 

0. H. Davis. 
P. S. Holmes. 
B. P. Flint. 
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Name. Address. Kiidorsc! by 

Munn.s, Ciias. K. KltHd ricijii), Sl,n»\vir»‘r Aiiloni. IdalwtU'(Julniaiin 

KNeliansri*, (Ill.; (!. Ij. Browiil 
fe.siiloun', 1 (H)S VV. Mimnio Fivd. 1)« Jjand 
.Stivel, 111. 

rtiDi.KV, A. R. lIuooivK . Rlcalriaal RiiitiutM'r, I».Low. 

Sii'imai.s ami Ilalskc I'litvl.iaj F. C. Colville* 
Co., i)«)8 l!alil'ornia Si., San Sit I iiey .Sprout* 
I'’i‘aiuas(;o, Cal. 

Robin.son, B’UANcm (!. Foromaii. Husluvii-k and Union F. li. Oroekor. 

Avo. I><*pot.s, limoklyn Ileiy:hls M. 1. Fupin* 
It. 11.. Co.; n'sidonc(s lodMaoon W. II. Fi-fodtnan! 
Si., Brooklyn, N. Y. 

Vaknhy, Wii.i.iAM Wksi.kv Altornoy uI Law, Rleolrical Rx- .1. F. Morriscm 

[H'rl, IIH Rasi, Ia*xiti,(j:l<)n Si.; Clias It. Ooss! 
rcsiilfiifc, 1001 IlarlitiM Avc., W. .1. IIunin|in>v 
liallinioi't' Mil. 

Total, It. 


'ritANSFIOIlRRl) FROM ASSOCIATR 'PC FirLU MRMBRRSllIP. 


.Vppnmiil hy llourd of Rxuinini'r.*^, Oololmro, 1H'J4. 


Saniis, II. S. 

II0.SS, Nouman N. 
CUlINliV, W. C. 

Bowman, Fuhh. A. 
Ti.sohbndokukku, F. W, 
Total, fi. 


Consult in;' and Coni raol inu; Rlcotrural Rntrineciv 
WluMilin,!', W. Va. 

Disl riot Rn,y:inoor, Canadian Coneral Kloof,ric Co., 
VVinnipo/', Man. 

SnporintondonI; and Kloolrioal Kn^'inoor, Concrnl 
Klool rio Co,, Portland, Or. 

Su[iorintotidont Now (llasm'ow Klootrii; Co., Now 
(flaspiw, N, S. 

Rlootrinal KuKinoor, Soldtokort Co., Nnrninhorg, 
Gcirmany. 


The Frkhidjsnt:— We will now luivo l;lio fuEt paper an- 
normcod for the ovenioir. It Ih liy Prof<5H8or Georffo D. Slicp- 
ardaon, and is entitled “ Sngfrostions for an Index of En;riueerin«- 
Literatnre.” Ju the absence of Prof. Shepurdson, Mr. T. ^ 
Martin has kindly agreed to rca<l the paper. 

Mr. Martin gave an abstract of tlio following paiier: 




pafitT presented at the Nintyfirst Meeting of the 
. American Institute of Eleetrieal Engineers, 
New Varh, i'resideni Houston in the Chair, and 
Chieaga, Mr. I.etand L. Suintners in the Chair, 
Naneini'er srst, td,j4. 


SUGtiESTlONS KOH AN JNDEX OF ENGINEERING 

LITERATURE. 

in IMJOK. UKOlMiK I). HUKPAllDaON. 

It is sui<l tluit at oiio tiuio all oxistiiig knowlodire could be ob¬ 
tained by olio man. IiidcHid tlujre is a general belief that Dante, 
who lived from DJOn to m\ A. !>., was tbe bappy poaeeBsov of 
all that was known in civilized emmtries. One occasionally 
meets, evim at tbe present day, individuals wbose inannei indi¬ 
cates tbe possession «d such universal knowledge, but then* 
claims lack otlieial certilicatioii. It is impossible to know every- 
tbing relating to even one ol the many branebes of Icaimngat 
tbe present day, altliougb tbe scienceH are so linely subdivided. 

Not many years ago it ivas practicable for persons of moderate 
income to take all tbe papers and magazines treating of engin¬ 
eering and allied sciences. To-day tbe number of periodicals is 
so great that one could hardly read all that is in them, or even 
digest all the memoirs bearing upon bis own lield of work, unless 
be devoted to it tlie major part of bis time. He would be so 
busy learning wbat otlicrs are doing, that be would have no time 

to do anything original biinself. 

Nevertheless, in undertaking an investigation on imy subject, 
whetber for engineering, mamifacturing or purely scientilic pur¬ 
poses, one of the tirst tilings one should do is to look up the 
subject tlioroiigldy in order to learn what others have done and 
are doing. One thereby avoids spending energy on problems 
that others have already solved, or working along lines that 
others have proved to lie fruitless. He obtains hints as to tbe 
most promising directions in which to work, and tbe best 
methods for %varking. 
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In some lines of engineering much has been crystallized, and 
standard text-books and mannals have been prepared, containing^ 
the essence of the best that has been written on the subject. 
The authors of many of the earlier mannals gave little credit ta 
others, and left the reader with the impression that the book con¬ 
tained the sum of all knowledge. The abstracts in books are 
necessarily colored by the individual views of the editor. It is 
preferable to refer back to the original memoirs, especially if 
one wishes to obtain details of the investigations. More recently 
the commendable custom of continental writers is being adopted 
id scientific books and papers published in this country, so that 
this difficulty is being removed to a considerable extent. As all 
lines of engineering and science are developing at a rapid rate, 
the books are necessarily behind the times, and the live worker 
must read the current periodicals in order to know what is being 
done by othera. 

A common method of learning the history and present state 
of knowledge on a given subject, is to obtain access to the files 
of periodicals in a library, and search the indexes of the separate 
volumes for articles upon the subject under investigation. Some 
journals of long standing have occasionally published indexes of 
complete files covering a number of years. Searching the 
various indexes volume by volume is tedious and difficult. One 
is apt to overlook the very papere for which he is searching, 
when hunting cursorily through index after index. One usually 
Works under the disadvantage of having only incomplete files or 
those of only a few periodicals. After the most careful searcli 
thi'ough the material available, he still has the feeling that some 
other periodical not immediately accessible may contain exactly 
the information he seeks. ' 

To save the time of busy people and to call attention to a mass 
of material that would otherwise be available to comparatively 
few, attempts have been made at different times to conapile in¬ 
dexes of literature. Perhaps the greatest of these is the “Royal 
Society Catalogue of Scientific Papers,” consisting of eight 
quarto volumes of about 1000 pages each. This was compiled 
under the auspices of the Royal Society of England and was 
printed by the English government at public expense. It gives 
alphabetical lists of titles and authors of scientific papers pub-* 
Bfehed in every civilized country between the years 1800 and 
1873, but excludes technical and professional papers. 
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Ko.xt t.u this stiuids Poolu’s Index of Oui-rent Literature, pub¬ 
lished in this emiiitry l>y private enterprise. The first volume, 
eompiled with tlie (tooperation of 52 lilmiries, indexes 6200 
volumes which were published durinj«- the period from 1803 to 
1882, and contains about 1000 references to articles on electri¬ 
cal Buhj<‘(-ts that appeared in [jopular and seientitie journals. 
The second volume, to whi(*.h 07 librarie.s (foutrihuted, covem the 
perioil from ISS2 to 18S7 anti contains about 600 references to- 
articles on ide«!tri<'.al sul>je(;ts. The third volume, compiled with, 
the cooperatiem (d’ 122 lihrarie.s, covers the period from 1887 to 
I8t>2 and jj^ives about 500 references to electrical papers. The 
volume for 1803 «i;ivi‘s about 100 such references. In Poole’s 
Index thm-e is stuiie jdtcnnpt at (dassitication of electrical papem 

and thcr(‘ arc a few cross referemajs. 

The l)»‘s<'riptive Index of Current Eng;ineeriug Literature, 
compiled from the. monthly summaries in the Journal of the. 
Ansorlation of ICntjinoerliHj SodeUru, gives an excellent resume 
of engineering literature between 188.4 and 1891. This is de¬ 
voted principally to c.ivil engineering, hut gives about 30 pagea 
with 700 references to <‘.lec,tricid papers. Most of the referenccH- 
indicate the c.haracter of the papers. The cross reterences iu*e 
excellent. 'I'lie monthly index in the Journal oj the Asmeiatum 
of Emfinet rUu! is cMunnumdahle in that it prints the 

indexes on (jnly one side of the leaf so that they may be cut and 
rc-arrauged majording to the ideas of the individual. The Joumah 
for each Deeemlan* coiitainH a summary of the monthly indexes 

of tliirf y05ti*» 

Ti113 AWKUlUiVN InSTJTU'I'K ok ELlfiCrrKlUA. 1 . ENOINEIfiKS publislieci 
in its Tu^vksaotions for about three years, 1886 to 1888, au 
excellent index of current electrical literature compiled gratui¬ 
tously by a gentleman too modest to have liis name appear. 
Yolume v of the TuANsAcnioNS contains about 6,100 references,, 
volume Vi about 5,800, and the first few numbers of volume, 
vii contain about 1,600 references. Some of these are accom¬ 
panied by descriptive notes. 

The first volume of Galloupc’s Engineering Index, compiled 
and published by private enterprise, gives about 28 pages^ with- 
1,501) references to articles on electrical subjects appearing in t le- 
years 1833 to 1887. Tlie second volume, 1888 to 1892, gives 
61 pages with about 3,300 references, titles and authors being 

given. 
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An increasingly excellent imlex ii])|»ears in tin.* 

Mfuji(.utu\ the ligiires fer wliieli are net at hand. Recently 
Ehctni- Power has launelied ent intn this lield. The digest of 
foreign literature in the PAerirhud World is eonnnendai.re, hut 
confessedly ine<.)nij»lete. Extended indexes are [tnhlished at inter¬ 
vals hy the Krench and (lerinuns. A universal index, published 
weekly at Leipzig, aims to gives tables uf contents of a nninher 
of journals arranged in the alphabetical or<ier of their places of 
pul)lication. l)oubtles.s there are other indexes not known to the 
present winter. 

A commendalilecustom of Pi Luinlerr A’4r//v'////e, that iniidit 
well be iiriitiited by other periodicals, was to publish at intcrvuib 
•complete lists of articles that had previously appeared in .the 
paper hearing upon particular subje(?ts. 

To the mind of the writer, the most ideal index yet attempted was 
tliat published at hast in caumection with KIretrhud ICnqhirrrkm 
mid later as a too short-lived publii^ition byit.self under'the name 
of Klrririml lAteralure. 'fhe [irinting .d’ the indexes <,n sepa- 
rate slieots, pm-foratcd and tied together, (‘ach shetd. being devoted 
to a single suliject, combines (he advantage <d‘ Ilexible classilica- 
tion of Hubjeets with ease, of arranging the hlicetM from month to 
month sous to make the bihliogruphy of each subjectcoiiKecntive 
and up to date, Having the sheets loose and perforated for 
binding with brass clips or eorils. allows each individual to sup¬ 
plement he printed sheet by his own notes or additional refer¬ 
ences. Tlie publisher is also able to add sheets de.^criptive of 
later or earlier memoirs without impairing tliu Integrity of pre¬ 
vious work. it elmuhl ho and doubtless is a matter of sincere 


regret by the electrical and mechanical engineering professions 
that this puhlicatiou was forced to suspend on ac<;ountof lack of 
hnancial support. 

Wince the available printed indexes are imperfect, many indi¬ 
vidual Htudents feel the need of keeping private indexes. In 
some centers, such as universities and large cities, personal friends 
sometimes cooperate in maintaining a common index. Yet oven 
in such a case one cannot es iape the feeling that much of his 
labor is needless, since some one else may ho doing the same 
thing bettor. He feels also that it is not as useful as it might be, 
because only he and lus immediate friends have the benefit of 
liis index which might bo of use to many if it could bo made 
more available. 
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Occasionally tnu; favors liis follows by publishing his biblio- 
irraphy on some .special subject. An excellent example is “Titles 
of Literature Ooncerning the I'^ixation of Free Nitrogen by 
riants,’’ contaiiuul in llulletin No. IX of Minnesota Botanical 
Stinlie.s, which give.« reference.s to over (500 papers, compiled 
by l*r(»fes8or 1). 'P. Mae.l )oug!il, of the University of Minnesota. 
Another valuahh^, hut les.s extensive index was published in the 
Eli'driiutl Ho/A/, vol. xii, p. (5, July I, 181)3, by J. Stanford 
Brown, giving about .‘ITo ref(5rene,e.s to papers on “ Accumulators 
in Practical Work.” 


Tho.^st^ who have free u-se of tluj published indexes, find it desir¬ 
able to supplement them by mannscrii)t notes for several reasons. 
Many of the imanoirsdeal with more subjects than the one indicated 
by tim title.. l )iscussi<mB of inatters of interest are often found 
buried in papers having little othiir value, and bearing other titles. 
In many east‘8 the tithss given by the authors are misleading and do 
not indicate the true nature of tlic memoir. The published indexes 
cover (udy periodical literature and give little or no attention to the 
Ixmlvs which often c(Md.ain valuable matter that has not found its 


wav into the journals. In many cases books contain reprints or 
abstracts i»f papers, the originals of which are inaccessible while the 
hooks containing them may he easily j)rocured. 8omo of the pub¬ 
lished indexes give only bare references to the articles, while thein- 
vestigator limls it de.sirable to obtain abstracts or outlines of papcis 
when looking up any subject. He must therefore supplement 

the index with comments of his own. Some of the monthly 

_ .. ..... « . 11 .*_ 


summaries are poorly classified and it is almost as laborious to 
Imnt up tlm hibliograjiliy of a .subject from these as from the 


original periodicals. 


Kveii tho.se that are well classified, are pub¬ 


lished in sections and it Is necessary to look tlirongh the index 


month by montli to complete a search. 

In view of the present state of the case, as imperfoctly outlined 
above, what seems to he the best method of securing the publi¬ 
cation of an index that shall avoid the failings of those already 


existent? One of the first considerations is, that the compilation 


of an index which will be an improvement upon all existing 
ones, must he the result of the cooperation of a largo number of 


people, as was Boole’s Index to which over 122 libraries con¬ 
tributed. It will require the expenditure of a considerable 
.amount of money and will probably not be self-supporting. 
Buch work could probably be done best under the auspices of 



7»4 


SllEPARLmN ON AS ENG IN ErCUINa INDEX. [Nov. 2Ii, 


somo society or societies, as was the Royal Society Oatal«»jpue. 
Since the index nii^lit well inchule the subjects of interest to elec¬ 
trical, mechanical, hy«lruulic, civil and ))erha|)s inininjjf enginocm, 
it seems reasonable that the various nnti<mal en^ineerini*’societies 
might eomlnne forces to maintain the jniblication id' ati index that 
would 1)0 id’ lasting value to the engineering profession of the 
entire world. Bince the headipiarters of fmir of the national 
societies are in the same city, two of them heing in the same 
building, such coopt'ration would not seem dilHcult. K joint 
committee might be appointed wdiich would receive the confi¬ 
dence ajul the cooperation of all. 'rhey could draw upon a large 
constituency for cot)peration and sul)scriptions. The coininittec 
might outline the plan for the work, and prepsirc preliminary lists 
of subject.s, whitdi might he published and submitted to the mem- 
ber.s for suggestiou.>^. The counnittee could then call upon diller- 
ent members for contributions from their j)rivate index files. 
'!riie committee should have authority to edit the contributions 
thus received. 1 )oubtless a nundier of pulili.shing houses would 
contribute complete tiles of their publications for such indexing* 
Indeed some of them have already made such olTi'rs to a private 
outerpriHO for such imrpose. Inciilentally the material thus 
received would inaliu a valuable aildition to the liliraries which 
are being gathered at the heafUpiarters of the societies. Such a 
committee could certainly compile an iinlex that would be far in 
advance of the imperfect (uics now published. The vast amount 
of duplicate labor now expended by the papers and by individ¬ 
uals couhl then be tmmeil to more eliiidmit work. 

In concdu.sion the writer begs to add some suggestions as to 
the style of such an index. It should include subjects relating 
to electrimil, me<*,banical, liydraulie, eivil ami perluip.s mining 
engineering. ItHbould index books as well as ijeriodicals. The 
reforouees should be descriptive so far as practicable. KacU sub¬ 
ject shonhl have a page by itself. .Digests and simple references 
might be on separate sheels. References and sheets on each sub¬ 
ject tnigbt be numbered consecutively for convenience in adding 
later notes from other files or from later publications of the same 
articles. Abbreviations or other symbols should indicate whether 
the reference is to the original paper or to a re-print, whether the 
paper is in full or abstract, whether accompanied by discussion 
and by plates or illustrations. The separate sheets should be per» 
, forated for re-arranging and re-binding and should bo printed on 
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Olio sule only. It In* profeniblo to print, the whole index 

on cards similar to tlmse used in the card catalog'uos of libraries. 

In this way it wt>nld he practicable to l)ej::ln publieatioii at an 
early date and to issue part.s at frequent intervals. The indexes 
to current pnldicaticns could be issued withoutdelay,and those of 
completed lih;s or histori(Ml works could appear as the work pro¬ 
ceeded. ruldishino the work in sections would allow each engineer 
or student to purchase or subscribe for only such subjects as were 
of importance or in(:ere.st to him. Indeed the work, if carried out 
properly, wonhl result in .so massive a catalogue that few outside 
of libraries or other public institutions could atTord to obtain the 

entire work. .. „ ... 

After this i>uper was pnqmred, the writer learned, in looking 
over some periodicals which accuinulatod during the summer, that 
the Tvoyal Society recogni/es the delects of its adiniraldc catalogue 
and is taking step.s to revise and liring it down to date with the 
cooperation of learned socii^tics in various parts of the world. 
(^fjondoii xxxni, duly 0, 18J4.) 

irnivcmty of Miniuwln, 

N(ivrMiittnr t, tH94. 
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Disoussion. 

Mii. M au'I’in:—T liore is uti index nf literature wliicli 

is not inentionod by Prof. Sliepardson, 1 refer to the publica¬ 
tion of which I have brought a vcdiune this evenint^, so that the 
uiendjers iniiy look at it. ‘ I dare say it is familiar to a jrreat 
many, certaiidy to the President. It is the /*lrMnftii der 
This is a most masterly index of electrical liter¬ 
ature; hut you will see at once of Imw* little value it is for jmr- 
posea of (uirrent work when I tell ymi that this, wliich is the last 
volume hound up to date, is for ‘ 181) 1, ami we are now on the 
vertre of 18U5. An index that is four years behind the date is 
hardly likely to 1)0 of much use h) American enjjjineers, to say 
the least. It may he of usin in Europe, hut certainly nut here, in 
the M'ay we like to use indexes. The whole held of an industry, 
as in electric railroads or alternating' currents (»r electric heating 
or electrolytic work, may often change within that period, and 
very materially; and the winhe literature yon may want to look 
rij) in the space of four years is wanting. *Put, so* far us it goes 
this is certairdy by long odds and altogether the best thing that I 
know. I have had one or two dabs at indexes myself, and I 
think I can a|>preciate. a good thing of this kind when I see it. I 
Inok at this pnhlieatiou with aflmiratinn and awe. A \vork of 
this kind, it scenis to me, i.s best done under the aus|tices and 
witli the assistance of such a s<»ciety as ours. It is host accom¬ 
plished when the work is divided up, so that the work as divided, 
IS handled liy men who arc experts in the several fields. We 
have had a good many efforts in this directinn, ami one or two 
very creditable ones are being made in this country. The Meo- 
frlaal Worhl, us you know, has an lulmirahle digest of foreign lit¬ 
erature, and Mr. Fred DeLand, of Ohicagn, has inmlc a good 
attempt in the (lircctiou of literature generally; and Ehatric 
P<rw(!t\ in this city, has done some excellent work. I»ut, while 
tliose attempts are open to commendation, I think we all appreci¬ 
ate the fact that the efforts, while good, full short of tliiit which 
4UI index must be, and must accoinpliKli, to he of absolufe and 
ifinal value as an index. It is a subjoefc that mernbers can well 
give their attention to. I have myself tried onco or twice to 
bring it wiiliiu the purview and scope of the Inhti rirns’s work, 
and 1 still believe firmly that it is part of the work that the Insti- 
TUTK, in the long run, will have to take a hand in carrying out, 
whether by itself or in association with other engineering 
bodies. 

Tills PuifisiDioNT:-—We should bo pleased to hoar from any 
member either concerning the paper itself, which we presume 
you have all read, or any rnattcr referring to the subject of the 
paper—“ Tlie Indexing of Engineering Literature.” 

Mk. J. Stanford Brown {aorrmiunimtedy. —Prof. Sliepard- 
son’s paper touches on a subject of growing importance, ana one 
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wliicli, it would Hoeiu, Vie wisely talcou ui), as he suggests, 

co-opcrativoly by the gr.'at engineering societies liaving their 
heacbinurter.s in New York; and 1 trust the Amkrican Institute 
OF Er.W’rKU'Ai. ICsciiNKKKs will appoint a committee to at least 

investigate and report. . , . 

There is one very important, and, in some respects, the most 

. . f.. .... I .ir.l.... I to fill, ikloiif wliinli IQ nnf. 


lin hv Julius Springer. 'I’he etdlahorators are L. Orth, M. beg- 
llert,‘ 1). 11. Horns, Dr. M. Oolivo-Dobrowolsky, Dr. 0. Ileiin, Dr. 
Kiliani, (V. Orawinkei, Dr. E. Pirani and Dr. A. Koepsel. 

The volume for 1SS7 eonsistH of 840 large 8vo pages with 40 
pages of appimdix, which includes 4,4t){? articles, with digests ot 
alUhe imiHirtaut tmes. 

Vol. I. .1.493 «rl,ides. 

Vol. 11. liHS .(,ti73 uri.idfs. 

V.>1. Ill. Iwus n.aui urlides. 

Vt*I. IV. lias <1,009 arlit!l(\s. 

Vol, V. has n.OHT arlidas. 

Or.20,005 articles in 1) years. 

The rest are not at hand to euuhlc iigures to be given. Be- 
side-s each of these articles is reprinted, inoro or lam abbrevi¬ 
ated in anywhere from one to twenty periodicals, all of wlucliaro 
noted, witli the lengtli of sueh abstract, so that one can choose 
how fully he will look any «ine of them up. ^ Each volume also 
presents an author’s index which, at times, is invaluable. ^ 

It w<iuld seem, however, more feusilile to make use of existing 
material and work, tlmn to start all over and duplicate, which the^ 
professor him.-:elf mentions. The drawhacks to the usetulness of 
tlie JArMirfttr are, iirst, tliat it is in (rennan, and, second, that, 
it is always a year liehiiid time. Now, why not try and co-oper¬ 
ate witli these genilemeii, ui<l them, and get tl.o work 
contemporaneously in, say, New York, Loudon, I ana and Berli^ 
in the monthly iouninls of the A Mi-mioAN Institute of 
TitujAE Enoinkkkm, tlio Piritisli Institntioii ot 
ami tiie eorrespoiuling French and German societicb? i i 
would make the wt.rk available to us all. It ^ 

that 1 am not present so as to give some expcrienee m the detail 

of siioh work. „ , • ^ 

ii’or a li-t of different makes ot arc lamps, including tl^ee- 

or four references each, see Klecti'iddl liiit&i'jrriBe., vu . n., e. 
1ft n SO 1 O • 

Aiid oil’ 128 makei-8 of primary eolla see 
vol. ii., No. 20, p. 403,14 N, ’«1, and, vol. m, No. 24. p. ^5, 
23 N, ’Dl, both compilod by ibe writer. lh« 
publication in the Now York electrical papers at that V 

^KlllOiN IN«T1TUM. ov Ei.iscTinoaL ,‘“i 

oonddoratlon the publication of sovoral hundred lefoienoca on 
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^‘electrical power distribution” collected by the writer and 
oifered by him to the Institute. I Iiave a number of other elec¬ 
trical lists that I would give to any electrical journal that will 
promise to publish them at once. These lists have all been made 
in the course of professional work, and carried only so far as the 
matter in hand demanded. On some future occasion the art of 
taking and filing professional notes might, with advantage, be 
discussed by the Institute ; meantime those interested can refer 
to “Seientiiic ISTote Making” in the New York EUatrical Engi- 
Tieer^ xii., No. 167, p. 56, 15th July, 1S91. 

At present I am compiling references on the Steam Engine.” 
I have entered to date some 230 books, giving author, title, pub¬ 
lisher, size, binding, date, edition, number of illustrations and 

{ irice; library catalogue numbers for Columbia College, Brook- 
yh Library, R. R. Brandi, Y. M. 0. A., American Society of 
Mechanical Engineers, etc.—in short, of all important libraries in 
and around New York City. And also references to articles, in¬ 
cluding, to date, some 1,200 entries. Should any one be willing 
to let me consult their lists, I will gladly exchange courtesies. 

Pfiop. W. E. Goldsborough {Gmnmunieated)'. —^After con¬ 
sulting with several members of the Institutjs I have decided to 
make the following suggestion, in view of the paper to be pre¬ 
sented by Prof. Shepardson on the 21st instant. 

Would it not be well for the Ins iitutpi to undertake the publi¬ 
cation of a card catalogue of current engineering literature, in¬ 
cluding in its scope not only the leading articles in the engineer¬ 
ing journals and notices of the papers presented before the 
varinus engineering and scientific societies, but also references, in 
-a digested form, of all new books, publications or other engineering 
matter of importance ? The Bundles of cards might be mailed at 
the end of each month. 

In view of the demand of the profession for some ready 
means of keeping in touch with the rapid advances at present 
being made in all branches of engineering, which make it almost 
impossible for one to even spend the time to cull out from 
the whole mass of matter that which is of interest without 
attempting to read it, it would seem that such a publication, by 
responsible parties, would meet with very general approval and 
support, on the part of scientific men. 

An addition of four or five dollars to the present amount of 
the annual dues would surely cover the expense attached to such 
a venture, supported as it would be, in the outset, by our whole 
membership of several hundred; and a thorough canvass of our 
membership would, I believe, disclose a decided willingness, 
on the. part of a large majority, to endorse such a project. 

The journals and books necessary would be furnished by the 
publishers without doubt, on account of the advertising feature 
-of the catalogue. 
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Mii. Max Osthrukro —Having given the 

question of indexing a good deal of thought, I \visl» to make use 
of this opportune moment to point out a few of the features 
that present themselves before starting that work. 

1. Jjule.i' rft. Si/itojMf.'i .—Tlie writer believes that a synopsis is 
preferable to an index, as the title of papers alone does not always 
imply what the artiele euntnins, as Prof. Shepardson has pointed 
out in his papm-. 

2. WcrJdi/ in' MnnihUf -m. Anniial iSi/no/mtt.~—A journal ap¬ 
pearing weekly or monthly can easily give a short synopsis of the 
provitjus week or month, and, for tiie benefit of those who wish 
to have the j-eports of a whole year, it is but a small matter com¬ 
paratively to compile, at the end of the year, all the single syn¬ 
opses whiidi have appmirt‘d during that time. 

^ ;4. Ortm-Rfifi rt inrs of A rtiden .— It is often an extremely hard 
question to decide under what heading an article is to be put, 
suul, furthermore, not infrequently a matter of opinion; hence, 
every ailic.le which hnivtts any room for donl)t ought to be 
indexed nmler more than one liea<ling, the accojnpanying synop¬ 
sis, of e«)nrsc. being only mxH'Ssary at one idacc. 

4. Oriijhiitl Artidrfi Vii, 'frade Notta .—Trade notes are prac?- 
ticallv nothing Imt advertisements: however, there are some 
trade not<?s which are of sonu* interest as well as of actual value, 
BO that the compilers nr<' ofbm in doubt ns to the advisability of 
indoxitJg tlm sam<‘. A greater ditliculty, however, lies in the 
fact that many technitml journals print trade notes without men- 
tioningthat bict, which leaves the comi>ilcr in a most embarrassing 
position. 

5. (thrlntf Firat Htnti're at' AH Soimwa .—is it advisable to 
mention only the first paper Nvldeh <;ontain.s an original article or 
should all paimrs he referred to which give the artiele in abstract 
or in full ‘i Tluj writer is decidedly in favor of the latter method, 
for two reasons: {a) Many papers" arc issued ahead of their dat- 
ing; (/>) the invedigator gets the opnortiinity to look up such 
pa^icrs as an*, the most convenient for niin, 

(}. i^hmdtl th' Imtdh of iha aHlvk h fjvmn^ amf if .w>, (ihoiM 
worth or rolnmttH ho oHmMrahd 'f An index should certainly 
have some indieation as to the length of the article; and, the 
forms ami types of the different iiapurs not being alike, tlie num¬ 
ber of words shouhl be given. In a synopsis this is not neces¬ 
sary, as tlie gist of it is given. 

t. Ohjro.t of (7 &/naiMh or -There are throe classes 

of people who make'use of them ; («) The scientists who do orig¬ 
inal work and make original researches; they are certainly in the 
minority, and usually siiftlciently posted on tlieir particular line 
of research to make their own investigations. It seems hardly 
fair to make societies pay towards an absolutely complete index 
of every subject, with so many cross-referenoes as conceivable, 
for the bendit of the few, {h) The practical engineer who is 



800 


SHliJRA lWSON ON vJ ISNOINlCKIUNa TNDIiSX. [Nov. Sl^ 


interested in some specialties can look tliern up in the weekly or 
moiitlily digests or synopses, which some papers publish regu¬ 
larly for their special bemfit. {o) The teachers who have to 
prepare lectures on many diifei’ent subjects, and who often find 
it necessary to investigate certain questions complete. They can¬ 
not use a simple synopsis, for, besides the gist oi the article, they 
want to get at the individuality of the writers, especially if they 
are men of reputation. In this case an index prepared by a sci¬ 
entific society, as was done some years ago by the Am'ericait 
Jnstitotk of Elkotrical Enginkkrs. seems to answer admirably. 

Mb. Cart. Hebtng {eiWMmmiaated ):—It seems hardly neces¬ 
sary to endorse the views expressed regarding the importance of 
such an index, as the very great and growing need for it is recog¬ 
nized only too well by all engineers" and scientists who desire to 
keep abreast of the times. 1 agree with Prof. Sliepardson in 
most of what he says, but would like to eniphusize some of the 
points and add a few further suggestiotis. 

A mere index, giving only the title of the pa[)er, the author, 
and the reference to" the publication, though of considerable 
value, is generally concede<l to he of far less value than one 
giving in addition a few lines describing the general nature and 
scope of the article, >is for instance, wirether it is of a mathe¬ 
matical nature, or based on experiments, or a more description 
of an apparatus, etc.; the importance of this additional informa¬ 
tion cannot be empluisizcd too much. Owing to the inaccessi¬ 
bility of many of the publications, 1 wouhl I’ocomtncnd giving 
somewhat more than this whenever possible, by adding briefiy 
the corjclusions, final data or results, us the case may be, for in 
many articles certain valuable eonelusious ai*e arrived at, which 
will be of great use to many, while the lengthy process by which 
they are reached, though of course of groat importance also, may 
be of special interest only to compai'atively few persons, and 
these few will most likely want to see the original in any ease, 
whether it has been abstracted or not. While it would be* of 
value to include very full abstracts of all articles, yet if an index 
of this sort is attempted on too great a scale it will l )0 more likely 
to fail, and perhaps lose some of its value l)y being too bulky; 
some limit must be fixed, and I think the one just pointed out 
will in general be the moat practical. 

Any abstract, no matter bow corripetent may bo the one who 
makes it, iiecessarily contains some personal element, even though 
it may be slight; no man is so prolicient in all branches that fie 
can abstract all articles equally well, and to him the relative im¬ 
portance of different articles and results may be <|uite different 
to what it would be to some one else. It must not be forgotten 
that there are persons interested in different branches, and they 
should all be entitled to consideration. To many electricians the 
peculiar freak of a bolt of lightning for instance, may be a mat¬ 
ter of no special interest, or perhaps of no interest whatsoever, yet 
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to tUo one wIjo is stjulyiiii;' tlic suhjiHifc ol’ afrestorHy 

lightniiiii: <»** <^^1*'* «»!’ tlie particular art,iele 

may 1)0 ot 1 Ih< grcatc.st valut*. In general, thougli not without 
notable e.\(H‘ption.s tin* author of an artie.le may bo sujiposod to 
know more about the partienlar .snbjeet matter of the artiolo than 
the average r(*a<ler, :iu(l it iberetore si*t‘ms to mo that the propo- 
flition matle in Knglaml some time ago, is an exe.ellent <»ue; it is 
to have the author of every paper make a I'rief ab.straet liiuiself. 
This 1 wouM suggest slnmbl be limited to giving brii‘tly tlic olv* 
ject, general eouelnsions, results or iinal tluta, and perhaps alscv- 
very brietly, the nn?tbod id' reasoning by wlueli they are reached, 
it cannot lie emphasized too strongly that the.////^//y'c,v^///f.vor 6YW.- 
sliouUl he .stated in sueb an abstract, provided they can 
bo condensed suflicieutly. 

An index loses very much of its value if not complete, hut it 
is a diliieult matter to decide what constitute.s completeness. 
There are published weekly, (lerbaps a tliou.sind or more separate 
articles and notes on ele<*trieal matters, of which perhaj>s nine 
liundred ami lifty are of no general or permanent interest what¬ 
soever, heing eitlier an arficKr or note of local or pa.ssing interest 
only, such as a note that u c(‘rtMin irity is about to consider the 
erection of a jdunt,— or jierliaps they aro little paragraplis techni¬ 
cally termed tillers, whose oidy vabio is to till up acohnnn, tliero- 
by permitting an inqiortant article to start at the toj) of a page. 
There, is probably no diaiht that an index .should not Im bur<lened 
with such matters. On the other band, to limit an imlcx to tlio 
leading articles only, or to flu; table of eout«*tds, is to reduce ita 
value very gnnitly, as there ari! many otlier paragraphs wliieli 
often eontain very valuable and useful matter in tlie form of 
abstracts, results, notes, <'riticisms, suggestions, etc. A system¬ 
atic iude.v therefore, sbmihl iiudmle, all imitter.s likely to 
be of permanent iriterest and value, its s<!ope should be clearly 
dehned at the outsid, and the ground to be eovercd should theft 
be covered completcdy. 

Prok. F. P». (h{ 0 (!KKK: — The sulijeet of this coinmunumtioii, 
while not iuttu’estiiig, is nevertheless of gniat iiuportuuco to 
many of iis, and particularly to tlawe who are forced to keep up 
with, or refer bac.k to the lih‘ratureof ehad rurity. A great nmiiy 
persons are |■ortullate enough not to he in that position; they 
carry their knowledge in their beails, and they learn for tliemost 
part by actual (‘Xperi(?iuH*. Ki^vafrtheless, electn<;al literature Iiuh. 
got to be followed and reterretl to by a larg(! proportion of elec¬ 
trical etigincers, and each man must either have it done for him, 
or do it himsedf. On general princijdes, it would seem to ho far 
better and a great economy in time, if one or more persons de¬ 
voted their attention to classifying elcMdrieal literature for the 
benefit of thoui-ands of their fellow engimiers. Nevertheless, 1. 
think each otic of us has a peenliur experience or position whi<‘h 
requires him to index and classify electrical literature, to a cer- 
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tain extent, from Ins own personal point of view • ,,ri. 

these two metliods come toother, and how mnX one ea^lT 
tte place of the other is a matter tliat, I think, will hav? t(^hfi 
dMided in stiu-ting an index. In other words, we Sid w 
attempt to make an index which wonld cover every sSS 
ease. I think that attempt has been made in the past and for 
t^t reason the success has not been very great. I think a sen 

important articles, irrespectivf of 
their length—and the importance of an article is by no means 
measured bv its length-would dispose of the great LTk of 
the work of each individual; and iny personally inteSn<. 
article a man would have time to Iiandle according to Kwf 
eonvenieiice. I think that the great troulile with indexes here 
^been that they attempted to go too far, and conse' 
quently have tailed entirely. I think tlm same in ^eS to S- 
diYdual efforts in this irection; a man starts out wfth a verv 
elaborate system, which he keeps up for one week or two weekJ 
or a few months, if he is very persevering, and then he gives it 
p entirely and does not even take the wrapper off from his elec- 
trical papers tor the next few^ months. Mow, that is not the wav 

with a scheme which 
f’ you can continue to carry out indeiinitelv 

pei*severauce too greatly. ‘ In my own ease 
11 ave started out and kept np a scheme wliich is fairly satisfae^ 
tory, and it consists m classifying the whole subiect so far ns T 
am intereeted in it-which isf m&o.tnnTtely" a Epart rf etec 
M engmeenng-mto about 200 subdivfsiona. of tb^ 

asara IS lopnaeuted by one or more large onvelopee of stout 
manila paper, into wliich I put the various references etc. • and 
it possible, I take tlie article itself, which may he a’pamphlet' 
photograph or a clipping obtained by cutting up an extra^eopy 
of the ymrnai. I make a collection of these as I get them anj 
then classify them when I have an opportunity; and even’that 
takes as much time as 1 can possibly give to it.^ Any more elab- 

that, I would iA be able to pursue at a^ 
that system I have been able to carry out for several years • but 

ei^W ofe”” ^ bj deWse a still 

cajjier one. Mow, it one person could do tliis work for 6 000 

others the economy in labor would be enormous, and would save 

brdwrirf iute'Ind rhoV'"’ l>™vided it could 

ot cairied out, and I believe that it can be, and then each man 

«;>me particularly interesting article 
e; and 1 think an index which did not 

ilk of the 
it it would 
ntire sub- 
one that 

keeniniv -""ii wuuiu noi oe. I think the 

Jieeping up of the index is a very important point, because one 
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that kste for a year or t wo i.s little hotter than no index at all. 
Another troul>le with indexes is that they are not kept np to 

date. That liook whi(*h I Inive seen ]>assed Mh()nt tlie room_ 

sehrUte der - -is very full and vto’v satiHfu<*tory ns 

an index; lait, unfortunately, it is very far hehirld the times" If 
I am not tnistaken, it is two years hehind. 

Mr. Martin The last eiaiiph*te volume was fur There 

are separate ])ai‘ts that are laler. 

Fkor. (.•rookkr:- Then, apparently, it is about thre<‘ yeans 
behind the tiim>s. The plan <if il, and (he wav it has been ear¬ 
ned out,seem to hi* very salisfaelory. Uut it is too far ludiind,and 
the abstraets are not altogether saiisfaetory, 'I'liey i^o fully into 
some partieular points,and do not pay enon,i*h altentimi to the *»-en- 
eral idea of the artiide. 'I’he abstraet,' I think, is almost an essential 
feature of any very valuabh^ index, because, from tlii^ simple title, 
even am)nii»anied by the aulhors naim*, we cannot tell whether 
the article is one that we are lookin*-; for, or one that we care 
nothing? for; and the hriefest ahstraid, of a. few words would\dv'e 
ns a clue that would savt* us from lookiui*- up nine out of’\*n 
references. 'Phose are (he principal poinis that have occurreil to 
me. 1, for one, heartily favor some system hy which a hibor- 
savinj? index scheim* may he uodeii up, so (hat every one* will 
not have to niaki^ an index for himself, which seeius to be a 
very crude and umieeessarily labarious scheme; but that is really 
the present om*. ‘ 

Alu. KnwAun (bvi.uwiuu,: -'I’he subject of Prof. Sh(?purdson’s 
paper is om-. of ^reat impoHance, and ime in which 1 have taken 
a personal interest for several years. My tirst attempt at index- 
in^jf wa.s made sonu* years a^’o, when 1 was <*ompelled, in iimkiiu( 
a report npoii a certain ••njLdiiceriu»’ .subject, to .search throm/h 
hundreds of imb^xifs to trai'e its literature.' In doiu^Lf this 1 found 
aomrich information «m other suhieefs that 1 tlmu^dit miirht he 
of value at another time, dial 1 umlerfook to umki^’an index that, 
would cover the elecfriind eu^iueeiTU»- literature of one or two 
important sels of .society jmhlications, 'I’lie first set imie.xed — 
and the last omt at duif time was the of tJw Uoual 

Sookty London, extendin'; from iStit) to 1880, .some-in vol- 
iiulOH* rioiii thosu I uiiout i ?00 |)U])(M*.s fr<nn well- 

known iuvestii;ators, amonu' them .Joule, Faraday, Maxwell 
bieuie.iiH, .Matl'hiesseii and many otluu’s, *l*liey ar(.i a reiuarkahh; 
series of iiupers, ami the index ‘to them has proved to ho a very 
SCIvice.iihle om?, Amou^ lul(*r attempts was a I'urd index eover- 

ing nearly the entire si^t of the Pd.rfnool of New 

York, and some, volumes of the Kivvtrlnd of l^uidon. 

My last and somewhat more umhitiotis work in this Hue was the 
making of a card eatalogne ol the papers on eleetrkdtv and ina<»’- 
netisrn, the title.s to whieh are given in the ‘‘ Uovnl Society (kita- 
Jogue of heientilic Papers,” the entire set of nin'e or ten volumes 
containing about 8,tn>it such titles arranged alphalietieally by 
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ftiithois. TliesG titles arc in all lanffiiafires_ t+oI* 

Spamsli, German, French and otlier continental tongues—an^^i? 

J1 T as given in 

this ma^niheent catalogue. Eut, of course an exnminf+^f^ ^ 

the original paper for this purpose was impossible.^ ‘ In tW^wav 

I have indexed three volumes of the set, makino- a subiopi- 

logne on the “ diotiona.y ’> plan. A sample enfr/is feoC 


mg:— 


Gases, Electro-chemieal Polarity of (W R Civr>vn\ pi„i rp 
87-103 ; Ann. tie Chimie, i?53, 87: 876-85; Phil' mS ‘isn?!* 

Pogff. Ann., 1854, 98 : 4l7-3l. 583-94; SV/soc!ptf :i86^’e^^^ 

I have here a number of the cards taken from the set whiVU 
may be examined by those interested. They give as von 

tfon the author, the periodical, the date of publiea- 

volume and tlie page or pages. ^ 

on this snbieet relates 
^ indexes to cnrrent literature. 'Wlnle I thint 
such an index would be of great value, there is, it seems to mA 
a more ^^gent need for a satisfactory guide to the literature tlmf 
ha^ already found its way into libraiil, and is tl^^rfn o^ 
snceesstully^ buried. The need of such aii hfdexlrX 
pel lodical literature was well expressed by Lord Rayleiirh at f-he 
of the British ^ooiatfon in M^ntr^al St fen ve^ 
D address^ he said : ^ ^ 

By a tictioii as remarkable as any to be found in law what 
“once hwn published, even though it bMn the Ssdaif 

i< of as ‘known ’; and it is often forgotten that 

the rediscovery in the library, may he a more difficult and uncer¬ 
tain process than the lirst discovery in the laboratory ” 

what ought to be the character or «construc- 

tion ot such an index, we ought to keep cleai-ly in mind the 
objecte for which t is made, llsing a moditie^fonn of the 
eteihcation given by Mr. Chaa. A. Cutter, formerly librarian of 
the Boston AthemBum, in his “Eiiles for a DictWv ^ 
logue, these objects may be stated to be ^ ^ ^ 

‘ 1 ^ enable a person to find an article, whether in book neri- 
odical or pamphlet form, of which either ’ ^ 

{b) The subject f 

2. To show what technic^ literature, whether in hook neri- 

odical or pamphlet form, has ’ ^ ” 

{o) By a given author, 
o rn . ^ a given subject. 

3. To assist in the choiee of an article, whether in book or 


periodical, 


to its length. 

/) As to its date of publication. 
g) As to its character. 


L See the British Assooiation Report for 1884, page 80. 
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To fulfil tliosf ol»joct.s wo must li.-ivo :— 

1. Au Jiutlioi* imlox for {(/) juid (o). 

2. A subject index for (J>) and (>/), j'ivini*- in tlio reference the 
leufiftb 0^) and t lio date (/} and, in projHM* annotations, («). 

TIjo bdlowin^^ mi^'lit Ik* taken as specimen eutric.s in such 
subject ami author imlexe.s :— 

Booster. Use of, on S(reel Itiiihvuy Ciivniis. (.1, 1|. Vail ami ,*>?. If. Wynlcoont 
St. Ky. .louriKil, 1S!M, 111; 700-70!.*. 'vjnivoop;. 

Full Iroatnieul. wil li ili.-i-raiii.s ami |•..^m^|.•e. l<’i,i,Mire,s a.*; to )|uuiif,i(.y of eopiior 

Vuil, J. II., and S. II. \Vynku..|., llu.Kler, I'.^e nf. i.n .Siiv(*| Uailw.iv Circuils 
Wynkoop, S. II. See V.iil, . 1 . II , amis. 1|. Wynk.idp. 

The title of an article oou'lit iii'ver to he taken a.s the index 
entry, unless after examination it should also prove to he its sub¬ 
ject ns well. Articles should he rend, if iicce.ssarv, to {useertuin 
‘fidl information as to their snhjcct matter, and it‘ two or more 
subjects are treated of, there should he a <!orrespoudiniP uumher 
of iude.v (*ntrie.s. If an article on a .simple .suhject mi<dit he 
looked for under two headiniiv, it should he put under the one 

where it i.s nio.st likely io he looked for ///'.v/. and a reference to 
it inserted under other lieml.s. ' utu n<c to 

The annotations shoidd md he, in any sen.M*, ahsiracts <ir di‘r(*.«t,s 
of the articles them.selves. 1’his, it seems to me, is not, tluMinr- 
poseof an imlex, wiiieh should he .simply to iruide a searcher to 
the literature of the snhjeet and leave hiin there to make his own 
abstractsnftiM’iieeiillng what part of it suits Ids purpo.se. I think 
that Mr. ITerinjr has hit th<* nail very .s(]uarely on the heml, when 
ho says that no nuitfer how {nmseientions a man mav he in muk- 
inj^ abstracts of .scientific artieles, the pcivomd eleinent will U!>- 
pearto sucli an e,xlcnt,tliat thenhstract or diciest, espisdailv when 
too iniicli (*ondenf*ed, nuiy hi.^ u.*''eless or nit.sleadmfi,' to others. He 
niay give undue proiniuence. to some .subjects ami .slight others! 
The index Khoiild not he in any degrei! a substitute for tlie origi! 
nal publications. 1 his is I In? legitimate field of the iiewspaiu-ir and 
teclinicul journal. Ife.snies this, an inde.x to e.\i.*itiiig periodical 
<dectric{d literature, which would nmlertakc to inclmle ah.stractH 
of articles, would pass beyond all rcasonnhle hounds in its hulk 
and its preparation and puhlieatjVui would he n physical and finan¬ 
cial impo.ssihility. Prof. Shcpurd.son has in mind an index to 
cover the whole range of engim*eHng literuture, hut we may 
•consider tlie single branch of eleidricity ami its applications. 
Anyone who 1ms epiniined the peHotlicnl literature of electricity 
since the tune <d V olta and ftalyiiiii knows how vast is the 
amount of rei'orifcif information that would he of great, value if 
Its existence were only made, kimwn, and the reeonls rendered 
accessdde. It is v<?ry diflicnltto make any estimate, hut 1 slionid 
say that an index th it would go hni*k to the hegimung of tlio 
century and co%mr the literatureof electricity and itHttpiilications. 
would mclude. if it earne up to the present, time, certainly not 
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less thaii 50,000 titles. It requires uo very eoniplicated mofi 

number of volumes that 50,000 titles with 
abstracts would make, and the actual labor involv'd in miking 
satistactorv abstracts or dij>*ests of these articles M, n”! 
Ilering who pej-sonally pj*epares the weekly digest of em^enf 

told me, if I rernembei* rjghtly, that he examines eneh 
about 40 periodicals, or 100 in a month Thisoecnnie^ tli« ^ 
part of his time, and he is able h, prepare perf^ 
some of them very brief, each weelJ. A "n!m wlm tvouW 
all his time to this woi*k would probably have some diffimiU^ 
maWng 2,500 attracts in a year. diBiculty m 

l lie partial repnblieation of these oriffinal artieles in rim 
of abstracts onght not to be soHonsly c™,si ie Si i, 
Withan,nde,c to them. Snob an nwlertaking 1 ,blTe 

Minnienda ,le one .is a private and entirely soM«r.i e e iterorfj 

Tlie importance ot going to original son,-ee» for infonn-iHon 1^' 
been referred to hv Dr Ti' T • i- “'^^<»i*n«tnon nas 

in i of actual cxpei-ieiice; whether it was 

in ful or in abstract ; for what classes of ^10^^ 

defects or errors ; its value comimred 
with other articles on the same subject: whether it ti'entod n-f » 
c ebated question, and if so outlining the author’s position 

A good specimen of notes of this character is the foliowir 
taken from a little pamphlet bv Prof P P rf f‘>*'owmg 

“Electricity: asoloitimiZm itelteninr;”: 

Orosby Oscar T., and Bell, Bonis: The EleMe Railwa,, in 

otS,C“f sa 

fire clearly statoil niul oSSofl Pnf."'v»lverl 
Pi^tical «lv,v.,se,l andths onglS; 

■- Si.". 

_W.th Prof. Shepardson I believe that sucli an in dev would he 
tbs ArasrioSSKary A^fSl't!™!™, L.ik;5jS,’’C 
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improved by making it to include the litei-ature ef IrmjIcs and 
parnplilcls, although there is not st) much need for this, as for 
one that will make accessible the hiiried treasures of periodicalH 
anil society publications. It ought hot, however, tu he issued in 
parts as he suggests, hut should l)e furnished in iMuiml volumes 
of suitable size, leaving the subscriber nothing to do in the way 
of arrangeniejit or elassiliifation. I tliink this is the |)uint, th« 
neglect of which has been the cause of failure in many otherwise 
well conducted plans for indexes to current literature. Tliesnh- 
scriher should liave what he pays for, a finished index—not a 
substitute for the technieal papers, hut a siip|>l(mieut to them— 
which (lees not re<|uire the pasting of titles, tlie assortment of 
printed pages into their places, or the nairrangmueut of printed 
matter of any kind. 

Tlie ideal seheine tor an index t.»> current literature in my 
opinion is that proi)ose(l hy Prof. Parks, who had charge of the 
‘‘model library” exhibit in tlie (Tovernmeiit Ihillding at. the 
World’s Pair last year. In this the aimotuted titles published 
each week would include all that had appeared siiua; tlie hegin- 
ningof the ijuarter, so that eaidi is-^ue would include all that’Tiad 
been )»reyi«msly published, together with the new titles for one 
week. '1 his relieves the subscriber of all scrap-book labor in 
the preparation of bis index, and it seems to me that this is an ull- 
iinportnul; point. ITnfortuiiatcly the plan is an isxpensive one, 
and Prot. Parks was obligial to give it up lu'can.si* of lack of 
tinancial supjiort.' 

In regard to classitication methods each man has his own ■•’and 
no two can ever agree upon a common plan that po.ssesHcs any 
degree of merit. I liave tried all sorts of c.las.sification schenie.s, 
and have given them all up. f am a thorough believer in the 
“dictionary” plan, especially for general use, following very 
closely the style of Poole’s‘‘Index to Periodical literature,”'“ 
whicli was the result of au extendeil iliseusHion among the bead¬ 
ing authorities on library eataloguing and indexing.* 


1. Set! I’riif. Parks’ etim riltiUial ili.s;u.ssii>u on imge HIH. 

3. For It vary elHl»oriile .sflu'me, sw a jiaiier on “ A (tciirrul HiigiiHHM'iiitf 
Cliissilirnlioii mill huliix,’* by Win, Ij. Clmsi., jn vol. xiv. of ||h> TmmuUiottH 
of tlir Aiiirriomi Soeiely of Mreliaiiiiiul linijiin'ers. 

3. For I,lie nilos under wliieli Poole’s Iinlex was eoinpiled. .s,!e iJi,, 

Journal, vol. i, p, asH ; and Hit! /Mmmlinf/M of tlio (kmrereiiee of bibruriiiiis 
afcbondoii, Oelober, 1H77, p. UH). 

4. Tliose wbo wIkIi III fiillow uji illi.s disciiisston .should eonsiill.: “'Hie Plan 
of till! N»!W Poole’s Index ; A Library Sym|iosiiuii.” lAUmry ,hurmt^, vol. ili., 
p. 141; “'Ihe Index Syinpo.siunt and its Moral,” by W. F. Poole; /Jfmiri/ 
Joumil, Vol. iii,, p. 178; ‘’Some Points in lnilexin«,” by W. I. Fleloher; 
JMiuri/ ,hurtial. vol. iv., p 215}; and “ Phissitleation in* Dielionary <.5 hIh- 
lognoH, Uhrarff JnunmL vol. iv., p. 231?. For a liislory of ealahigue ninkiiic. 
and a e.ril ieism of f.he diirerent kinds of eatidogiies, see an lutieh; on ” Librarv 
Ciilalogiie.s” ill H Wfieeial Report on piihlio librarie.s, issued at WashiiiRlon iii 
18T« hy the Ibireaii of Fdiieation. Part 11, of this Speeial Report eonlaiiiH Mr. 
(5. .4, Cniters “ Riile.s for a Dietioimry Ualalogue,’’which has al.so been pub¬ 
lished .sejiarately in reviseil form, and may he had upon application to ihr 
depiipiiiieid;. 
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* member of this society who gives the subiect careful 
sideration will dispute the statement that such aii index is dgcm' 
questions that come up for considerflti*A«^°®®' 
;ca„ it be made*;- and “What, if a^,TsX tefZn^! 
These are questions, it seems to me, for the Instituq'k tn */! 

1 think It is an undertaking that comes well within tiie seopelrf 
the Institute work as an association for the advancement of^lee 
tricity as a science. Thei^ is no other body of 
neeis in the country that is progressive enough to do it or 
ln,e the nunaerical stength of Siie oi-ganimtion 1 wt 
Prof, bliepardson that a oommitteo ought to be appointed hv the 
oonned to canvass tl,e subject thoroughly, aXpo fnuoi he 
^vtsabdity of undertaking tl,e workrand, it itTe'l though? 
tet, along wliat lines to proceed. A set of questions something 
ike the following, which wore prepared for this very pnrnoJ 
wTre^dS'';-"’ 6«I»nitted to tliose whose^oyou^ 

3. Wliafc porioil .should it cover ? 

a. Shoal,! other tlmi, E„slW, ,m,l Amoviem pablioatioiB hr holor,,! j 

4. bliould the contents of books be indexed ? 

5. Should it be an author or subject index, or both ? 

fi.ini . !'■ .V«'U’ opinion, bo .satisfactorily done by twontv or 

of a f to woi’luni? u'Klor a prearranged set of rulis, the work 

of all to be passed npon. rearranged and combined by a committw of one or 
more supervising editors ? oi one or 

compare you suggest as the best plan of organization for a staff of 

8. TowhatoxtontisparioJical elootriaal literature represoute,! in your lihmrvf 

9. Woiihl you poreoually be willtaff to uu,lert.lto any put of aur.Xrr7 

»athoi?trtoa*i.Jt should be given 

antlionty to select compilers, who would work under fixed rales 

and, of course, without compensation; assign the work to each’ 

and appoint a supervising eJiitor, who wonfd l ave a, thoritv to 

paM upon rearrange and edit the entire work. *» 

1 have here for inspection a number of indexes which aremnrA 

or less fannliar, induding Poole’s, Galloiipe’s, Pi*of J B Tolm 

Prof' OroeWs ^^o^alds’ catalogue’ 

irefeLd tT/ pamphlet and some others to wliich I ffave 

of typographical errors, isVn lxcS7one%m^^^^^ 

^fereriees to all papers on electricity and iiJSsm L ft: 

a^Sd of of London from IfirtS to 1892, 

^ hy about 190 volumes I have 

tndLfstoaSfo^^^^ some 60 lists of books and 

V®..! V ® electricity and magnetism—hi other words 
guides to the literature of these subjects. This list includes a§ 
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•of tlios(i l>y Sliejcird.son aiid many others. The 

list is too lonir f<»r im* t«t ri*!id at this time, hiit if may he exam¬ 
ined by tliose iiitiovstod. 

In conclusion, I would sim|dy add that I think such an index 
tts we have been dismssinii-slioul<I not be made for the scientist, 
or the euj 2 :ineer. or tlie editor, or (lie student alone, but siiouhi 
he phumed on lines broad enoiiifh to suit the nee<ls of all 
thcfic, as well as other (dasses of possilde nst'rs. 

Tiiu SKouKrAKv: As the indes bn-inerly pnhiished by the 
Institutk has heeii rt‘l‘err<‘d to, it may he of' intiu'cst, at least to 
some of tlu! more re«*ently elected members to know why the 
work was nmliMdaken and why it was suspended. 'Fhe niatter 
waslmuii^ht up int'onrudl about seven years au-o. Ijy Mr. Mail- 
hmx, ami tlie proposition at that tinn* was that it shouhl be ilone 
hy the Secretary. I had mna r iloiu? any imh^xini!; i»f fhe kind 
and that was one n'ason why 1 iHil not* undertnlo* it. I liave 
been very ^la«l siium* that I did m*t assume the rtspimsibili^y. 
However, we hud a im-mher. who kimlly umlertook the <luty and 
it wiis earrioil on f<ir some time, until I ihink it became, too inucJi 
of fi burden for him, ami it was dropped. 1 d(» utit know whether 
at that time I had heard of the cNjierimice of two Philadelphia 
edit(»rs. j*erhaj»s Pnif. Iloust<in may lvm»w Siimethiniij <if it. 
They were erpial pJirtners io a daily paper, and iuni id' tlicm had 
Bceiirud the ailvaiu'e sheets id' a serial imvid whiidi lie pr<i]>os<‘<l to 
pidilish in tlaily installments. Tin* I'iUtors <lid imt a/jree upon 
tlie question as to wlndlier their rea<lers wanted this kiml of men¬ 
tal palutliini. ami afl«T it Innl jifone <in a we«d< or so, they had a 
little tilf as to tin* i^xpenst?, and wludher the pitople wanted it, 
and liutilly tlnw eompnuni.seil, the eilitor who oliji'cted to it say- 
iiiy;, “ Let us <lrop it md. ami if we luive a complaint from any 
of the Huliscrihers that wi- have notlirushed tlm sbiry, why I will 
siihmitlo your iilea sind we will ^ljo <in iiml puhli.sfi the story to 
its eomduslon.’* So flaw actindly «lrop|M*»l if, niul tliey waited 
a week or tw«i ami m>t hi‘ariiijLr a word from nuyhody, they 
coiududed fla*ri? wa.s mi p*m*ral intm'i'st in tin* huh'fi*c.t. * I felt 
that way about our indmx. At that time, of cotirsi*, we luul only 
throe or four liumlri-d memh(*rs ami pcrhajis the need iif an 
index was not uporcciatiMl at that time as much as it is to-day. 

] mijijht mbl imdinnrtally that the {mipositioii was made that 
the index be printoil on iun* sitle of tin* leaf only, so that mem¬ 
bers who desiiHfil iamhl <nit it up for their curd catalo^aes. Of 
course that wonhl aibl consiilerably to the e.xpt-nse. when we earno 
to print r»tH» coph*N, ami 1 c<ij:'ituteil iiver it a little, and sugfrested 
another plan : that if any member wislnnl to cut it up for a card 
catalogue, we would supply liim with an 4‘.xtra copy for that 
purtiose. I thought that would he idienper than to rim a whole 
edition printed on one side. Wc had three applications for an 
extra copy to eut U|), anri those were furiiiBlnjd to the membisra 
who asked for them. I mention tins because the printing on one 
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side is suggested by Prof Shei^Mi-dsm. in,f ,•+ • 
a little salVo in t4 al.ajie IKSil;!, ,e . ! 
that would perhaps pav tlie extra cost 
to say wm, that taking this into consideraticm wl '.!i /rt ““ 
enee of the Philadelnliia editore I thomio r , ‘lieexperi- 
.f anybody onrapiainid tecanse wo did not 
r believ^e no inquiries were made Posslltlvf-Ti-i i index.. 

It all right,' and that wo W| ?!" 

Latei tins subject has been bron«rlit un ‘imi m v « i *^pP***g it. 
asked by one of tlie editors who was r^ , 
qiiired what I thoiifflit of sncJi a nnhlt/tr ^ 
jentnre. I told Iiini tlnit n.y exqieWenli; « «onnnercial 

tew jieople wlio wanted an index of tl.is Hn,] ^ 5 ^ 

very badly. But 1 didn’t tliiiik they waX 

the expense of ^ettinir it nn 'PlioMc I, . it •siifteiently to pay 
demand and perliapsthat limited iimul * ^ Y' ii- limited 

willing to pay a pretty « ”‘t “ '^“">-1!« 

he wilting to pay hut a muill nro, tl.o san.o tnno, they wonid 

to conipiie and print, and that ri Onew 'iv h 

a siiecesstnlfinancial midertakintf q’lt/ai. it lias not been 
about it that I hrong t p at f^a '''«•« other points 
tl.ere are a g.-eat .uat,y el!!d“u«^ tww ‘ * '!'?• .P''f that 

trical engineering, hut otlier hninehoB n« w"ii ^olee- 
own indexes and have their own i if ' f “ 1’ ®”'’'l‘‘le their 

catalogue to l,o ami ZJ! !“ wish a 

unless it was thorongldy conmieto m*i "ht m '’.f “‘•'CIS, 

That is to say, eacli'ina'n feels tIoiV !f”i ■“*‘,*^'“^3' *l‘c"' wants, 
lie would laiow o"aX wim? I tho imlox himself, 

what he did no^ wv“t ind a 'a, Th 

not amount to anvtbiiu- mt afef i^l " V 
or ten years, it beid^io iLn 

man who undertakes it is naticTiJ- ^nd, if the 

time in the course of his life wh^n arrive at that 

But the difficulty is witli his reward, 

time. We get «red as some Iror/-”" 1 *^ on till that 

night, with slniffling these cards 

Perhaps my early exnerienpo In w i • ^ over tliese papers, 
one of the' reasons whv I refrained^^fm ‘^orapbooks was 

Those scrapbooks are sLethin^^^^^ indexing. 

occasionally when I do not feef firs?^ 

scrapbooks, and am thankful tliaf \ ^ 

younger d^s. that I was so industrious in my 

Then, agkin, an indeK for the public, ,« it wore, should, of 
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course, IH‘ ii'eneral ami euvta* all liraiu-lifs. It would l)e neaosi- 
sary, 1 suppo'^-- elasr^ilv it in soiiio way; Imt, iu order to mool; 
the ifeneral ni:irlvfl, il would have to oovcr all l>raiu‘lu‘s «if elec¬ 
trical eu.i;-iucnTiu.ii\ at livisl. 1 rail across, in the ^:llM'li.^l, paper 
called /m/tt'!//•(/, a few years aoo, a relerenee (o the 'iir.st use of 
electric wehliiii*’ hy Siemens iu I In; Siemens factory in weldiiit^ 
the iron wires o! an armorial caMe, and this referenee sjmice of 
its cmniuj;' up in a discussion hcl'ore the Iron and Steel Institute 
ill l!S87. The dale was oiven, and all the parlieulars ahout thi.s 
use ef the proe.ess ; and I ihouxld if was a very inlerestin^ fact. 
So I wiMit on a seari-h for that and round the'discn.ssion at tlie 
very nieetinu of the Iron and Steel Institute, hut I'onld not liiitl 
a word ahout eleet l ie weldiiit^. Now, a oood index, 1 presume, 
would have hrouuht that to mv ntteutiou; hut I (*..iuld not 
find it 


1 do not have as many papers to index us Mr. llerini!;. 1 have 
about Ml) in the olHee eaeh month. mo.st of them weekly. 1 do 
not index (hem, exeepiinjn' as Mark 'Pwain, I think it i.s, who 
indexes such things in his hrain ami has his head full of iniai'-- 
inary pi^eonhole.s that he mentally puts tluuu into. I iudt‘x lu 
this way for tim heiietit of nicinhers who I'oine iu uud .say, ‘‘ Have 
you .seen anylhinii' id' siicli ;m artiele T’ And I tliink it over ami 
reply, ‘‘Yes, I liave .seen it,'" and I run over this assortment of a 
liundred pip-oidmles in my liead, to try and lind out in wliicli 
parti(?uliir paper it was that I read it. * Well, souictiuies I suc¬ 
ceed. It is, at (cast, .some satisfaction to know that I have .seen 
it; hut. when n man comi's in and says Mutt he has written an 
article that apjieared in .siieh a paper and asks me jf I have reuil 
it, then I weaki-n. IJecanse, after reading; our TmvNsAcrno.Ns 
throui*;h three times each issue, ami looking over these papers 
and iindina: out what Is iu them, just I'laiieiu/i’ at tlie titles and 
authors, and readiiijL; the regular daily papi?r, to .say notliiu.jjf of 
the yundiiy edit ion, vvhy, it leaves me very litth* time to diiijest 
these various art iidi's. 


.But, coming down hi the work of the Institutk, there is one 
point I ilosire to (‘all your attention to, whieh is soundiiues over¬ 
looked. A.ssoeiufiou.s ot this kind exist for doitif^ a (icrtaiii cla.ss 
of work that is ol interest and value to tlie luemhers, Init which 
will not 1 h! uiidertakeu hy any jier.sou or linn as a com?m?rciaI 
venture. This tpiestion lais come up umiiy times in ret^aial to 
certain papers that have been puhlished in the TuANSAirrioNs, 
papers that are of vadue as work.s of referenee and which many 
of our iudinslrious editors alistruct or sipioezc out altogetlier, hiit 
wliifjh some one s/nnt/i/ puhlish; and it appears to me that that 
isoueid’ the niis.simi.s of a tci'.huh'al miciety *to do work iu a 
co-operative way whieli is of httiadit, perhii|>s not to all the mem¬ 
bers, but to a tew of the memhers; and the few that are not 
benefited this time ni iy he fienelit.ed next month or ne.xt year. 

So that the nn*re fact that work of this kind is not tiiuinciullv 

•* 
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experience has b‘eo„ tha’t it woul7 ot h 

^uSe-rrtrsi/as^cSiTi^it zBSi 

poasihTe. " <"»"""« tlie thiw a« Hysteniatiailly as 

feS'«4eeta Wht ,rhv'‘rir’'“ri dif- 

iei..;is nioihat thirci f 1 Mri:- 

tively simple ,matter cmpaiwl JI. tfe t,' , ' ” 

expeditions tliroriffh tlie Midvviv Pl-nti .tw ^ i 1 ^ 
fonnod by an into li.'ent A Sj. 1 " ' «•"“ '“■ 

«niversit.yi„ leaminglds own vel'nmM.W I m/T f “ 

in aZ'tlIsL aC '^L'" P>-«l«r««'*n of nn index, than 

that lias Imon h,‘ existon«. “’““''P'o* “".y serial pnhlieation 

tforcfoto. '.rod rsiLt.!;? „? r.:3v-::'i..Ko.;‘’''*4‘‘‘“’ 

C" yrein c in a .‘’"t'' ‘'"i '■"<’-'<-f 

Jii-tn 

thfoditor 

mental s„;;tcrsanlAn?“;„ra4;f 

tlms puttins yon to eonsidemfie tronlX kst S, t 
returns to*^tlie first dIati ^ editor comes in and 

^KT3S:'«SrLffi» 

be inserted in tlie samo nflrf ni? fi i ^ always 

BnMeotintl.esamemLrr! 

have bad considerable experience in the preparation of in- 
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dexossiiK'i^ I was a lad. 1 liavo ulwaj.s holieved in tlic .systematic 

arranijienient. (d’ iiirunnati»»ii.iidoniiiiti(»n jdacod whore yon can 

readily ]^ut yetir liiinvr on it,. 'I'lie Join'iml of the. ]^%nJdhh 
Indlhit>\ a hook of the tv|M' I ri‘forri?d to a liioment a«»r), has 

E id throuo-h many dillVn-nt hands, and in its indexe.s ex- 
s an exas|»er!itinj;' want of unifoniiitv td* arran^enimit. Sonic 
time a.i?o, howev(M% llu* Inst!tut, thoiii'ht it wU; to rean-simm 
all those .soparah' indeses under oiu' 01 ‘noral inde.\, and they 
have hoim aide to earrv out this work in a fairly ooiid wav. 

The avoraiio indev of tla^ ayera.uv ho<dv is ah'nost wortlde.ss. 1 
reincanher a .story whieh I will refloat, since our Sceretary lia.s 
started the idea id* lellinn; stories, of an index in a liook under 
this cajition; “ Karl of ( hathain, his j^reat nnn<l, pane 00 ” ; and, 
on tnrnin*? to pane 0!>, all that was found Jihout the Earl of 
Ohathatu’s nt’t'id iniiid was that he had said, “ had a ‘n*eat 
mind to pursue this line of p«diey to the end.” (Ijauju'hter.)*^ 

As •["' iiu‘lhod of arrannitin indexc.s, I thoroughly 

agree as to the importatiee of a fidl elassilication. Ihit, at’tho 
BainetinuN I would urge those who are thinking of making c.v- 
teiided indexes, not to full into the error into wliieh the French 
have fallen hy the loo .admirahle elassilication adopted for tlie 
indexing of their sy,si cm of patents, I yet have to meet a mail 
of intelligence who thoroughly umler.stamls the idassification 
adopted in the eopi.uis indexiiig of the Fremdi i>Ht.ent.M, where 
hois idihi to luni at once to Ihe numhi*rof the patent, to the 
page, or even the volume in whiidi the information ilesired 
can he fiiund. For thi.-i index is essentially fiolyglot, at least 
so far as it reflects a itumher of dilfercnt m'ind.s that; luive boon 
instrumental in getting it up. Not only is it <da.s.siti(al, but 
8ub cla.ssiticd; and thi! sub elassitieation is carried to such an 
extent that, as already mentioned, I never yet have met any¬ 
one who aetnally eould tell me from the index, (o what volume 
he should^ go to jiml the patent he i.s lookitig for. Thi.s, I 
take it, will lie om? of the dillienlties with any plan of making 
an index, not only oi jieriodical or (riirrent literature, hut also of 
the literature (d the past, whieh 1 agree with tins gentleman wlio 
has .spoken, in regarding as i-vcn more important than current 
literature. Such a work is not one that any single imliviMual 
Bliuidd nmlcrtuke. It is essentiully u work <d’ c.oofieration. But 
if this index is to he of any value at all, then one mind should 
edit all that a nnmher of dilfcrent eollsihorutoi'H prepare; and 
unless that one mind is a vigorous, hroad mind, the tnde.x will 
bo {trobably a.s bad as the iinle.x of the French patents 1 have 
alluded to. 


Take another work of the .same ebaraeter, say the synopsis 
of the British^ patents. Von all know how essential it is in 
patent .suit.s, in the. evmtt of a patent containing such a full, 
accurate and clear f}ci-eri|dIon as would enable one skilled in tlio 
art pertaining thereto to make tind ustJ the wime, to prove that it 
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do<a mt eonstitnte an ,u,t of invention anvliow sinee , 1 . 
matter claunod to be disclosed, vv:k clearly anticimZl bv“.J''° 
publication. \on want to find wlictlicr snob -i tl?' 
previously pnblisbed. You go to Tlie svn.oZ of tl o 
patents. By an exceedingly stupid way ‘tbey have in Env!!',°a 
of giving the ,latent to the attorney and not' to tlic ii vfnter •? 
von do not liappeii to know, as yon l.ardly can he eZZj* 
know, the attorney who took out the British oatent ' ^ -o 

find great difflciiltj. Von will find the naiit 'o d c'TCZ” 
all indexed—.Lake, tor oxainple. J.ake anneiirs to ® 

very^iidcifnl inventor, to i pe,.oii wffiZ:; 

ladv of iinifoi-ini'ty! " Jn ® 

indexed under Ins last name. Tliat he aii ad.ninihle^'nhf 

jf he happens to represent the jrreat and only individual of & 
name. But suppose yon look in an index <»f this character for n 
compara ively general name say Thon.son-plnin r nlf 
Bon, unadorned hva“i)” t.-irm/.f f,.n i n ® lliom- 

m^^i|i.jhil'ty of several persons ol the sanio naii'ie’ifciilg’Z! 

mitTwh^'S^ Xh m'l ilZlIn: tr 

&'rt.his i; 

tnnatcly different pnhlications liy have AndZ , 1 ;,',; ^ 

cizs’i, 

puhlXon of a hook fv^ iVanTi^n "Zitrod-'t 
management calmly ohai,yB LTZm le „ ZZ f," 'I 
Imve to remcniho./ when speak ngr 7 V„l Z 7 v ,1 7 7 ot 
mean the original volume 1 , hut tlie second volnm/ 11 

expZtog dZbt r to ^m«i 7 o; notl: te:di!r;.';,r '“f■ 

good index. I think there can be no aueZn X.fn t “ ml* 
question is not whether a man vr„raffi7x"to77„‘tme hS 
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aturo; ninsi have ..iic. If is init- tlmt we jjidgo of the 

value «•’ ail iiidi'X simplv 1»\ flu- imiuluTid' jiooplo who want it * 
for, it is uiirortniiafolv tnir f..r the .d’ ilu* w.jrltl that com- 
parativel.y lew people eaii want, or liuve puf, tliemselvos in a posi¬ 
tion that thev are aide to want to kimw all that has; heon written 
oil ii certuiii snlijein. l»ut I einileinl that a earerully prepared 
index put in tlu- liand> of ^u••h pi-ople that not only do want it, 
but are able to want it, will lie of occit vailne to the seientitic 
pro^l>;re.ss <d' the world For sneh an index means that «roo(I 
efforts sliall not he misspent in doinji; work over aifain that has 
been better dmu’ lad’ore, 

Thtn-efore, 1 trint that tin- soeiety will seriously eonshbr the 
advisability of preparin'? an imlex of elec-trieal literature. What 
we want is an I'li'etiieal index, tiur leoal friends understand 
tlioroiii'liiy tlu^ value* of an index in le^al lore. To-tluy a man 
cun readily obtain, or he ran send his <'lerk to obtain, inf«*»rmation 
which will jLdve him an insiobi inm aliiio.st all the de<*i.sions that 
have been remlen'd on almost any topic, in out? m- another of tlie 
adiiiirahly pivpari-d indexes of different cases that liave been 
argued in dilbwent parts of the world. < hir medieui friends are 
imich better off than we ;trc, thoiiidi they are not, perliaps, 
as Far advaneed as the letjal profc.-^.sion. it .seem.s f<i me tliat 
ill the exceediiio'ly active field (d‘ «'le«'trii'.d seietiee, where ideas 
grow with aliniMf mushroom lik*‘ raphlity, that an immense liene- 
tlt to the pi'tdessiou w.nild he afforded by the preparation of a 
careful iligest of all that has ever been written in eli‘<!tricity. It 
is atremendoits work, 1 kimw. I lu'lii've, as I suiil hefuiv, that 
it ought to Im' a work undertaken hv experts in tin? different 
branelies of tin* seienia;, jlnt in ordi-r to give the index the uni- 
torinitythat will enable the hcnl good tube readily ilerivcMl from 
it, tlie work prepareil liy the many 4'ollalmrator.s should be 
prepared lor puhhcaiioii by Ji level headed editor with power to 
render everything uniform. 

I iiavt* jotted down, during the di^eu.s^ion, .some id’ the points 
that I tliiiik .should eharaeferii^e .•'iueh an imlex. liiiidly, they are 
as follows : 

1. >Sueh ail index should be ba;,ed on a «?arefully eonsiderod 
|?eiieral fdas.-itieation, umler vvhieh the .siilijrad inuttm* to be 
indexeil is arrangeil. ‘rids elassilii'idifin ought not to hr; too 
prolix. 


2, A strict adheriMiee tothii^ ehissjth*at)on sliotild he maintained 
throughout the entire imlex. 

.lust here a «iiffieulty xvill prohaldy ari.st!. IJimlsight is invari¬ 
ably)' better tlian lore.sight. Nt» matter how eareftilly theclassHi- 
cation is arranged. Irefore lotig it will become evirlerit tlmt it can 
be improveil; but if the index U Ut lie wm*th anything, tho desiro 
to itnjirove by ehnnging the elassilieation or arrangement, inu.st 
be resisttah 


3. As nearly as jiossilde the same order of presentation of all 
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matter to be indexed slu>nl<l be followed throughout TJii’ 
be done only by puttln^r M,e work of the eolhilmrsitoi-s iu 
handsof an editor-in-ehief, 

4. As long-atinieaK |)<).s«ible should bo ineluded In the 

index, llnsi regard as very important. AIthouirh,almost ium-. 

Bible fully to attain, it should be attained as nearly as nosMib?!' 

An index covering a (piarter of a year is better than one oi.lv 

covering- two weeks or two months ; one CM.vering half a vea 

better than one covering- only one quarter, and tln-ee-ijuartoi-s of 

a year 18 still better. But ;m index to he of the --reatest v^h?! 

in 18!)5, should be an alphabetieai imh^x of evin-yHiiVn "tha^ 

ever been written up to ISUr.. If we have se|.arate volumes i? 

takes too much <rt ones time to read through the .smvirilJ’ 
indexes. ' l»«tuu;e 

6. l^iei-e should as nearly as possibh; be an avoidance of undniv 
niagnitying the importance of one sul.ject over another TlZ 
can be avoided only l>y an editor irm^hief. * 

(i. Frecte intormiuion «l,oiil(l he as l„ H», ,.x,u=t „„Mie» 

bon It. winch the work ,.s to ho foun.l. ... „X 

uiistoo hriot; or use contnictioiia wliioli uiiJ'ortiniatoly nmvunolv 
to 80 vor.ll ihfforont |.nr|«:so8; or, if tlioy kIvo IIio na,„o of N, ' £ 

heatiouinfiill, .In iiotKtato vvlioHior it i« tlio lirrt vol 1 „ri,.i 

2,vol. j,or«rio»a, vol l.oraorioa -f ora, vol. 1, a,„i yon do- 
not hndwliat you cxpool to find, .w M,-. Foi,,, ,li.„-ovom,l wl, .„h 
tried to do it. ‘ 

I think tl.i« covom nil I wish to any, o,„,(o,f, tli.it I hone <.nr Soc- 
retor^ will riwnnio tho nnloxitif? of our i.uhliouliona. ‘l hnvo h^ 
within tho last few nioiitlis ooiiaidoinhlo dillioiilty in lindhnr ^ 
W’S’’ ^ wiuitod to Hnd, luid alionld hnvo roinlilv heen iifilo 

to TlTld if wn bii.il fivmi till >1«1 t J . * 


to hnd it we had oven an ordinary index. I trust, 'gentlemen 
that you will senouHly consider the advisability of the society 
undertaking^ a work ot this kind. We can <lo'u good work S 
electrical science it wo imdcrtake it 

Till.: kSi.:oiti.:TAKY:--Wbile Mr. Caldwell was speaking, 1 iiirurcd 
out as nearly as I emild from the in formation be gave us, tlie^imn- 
her ot volumes remiired to contain the r>(),(iO() titles he referred 
to. lie suggested there should be no synopsis, but simnlv a 
HU hcient guide that the senreher might fim'l the article. Twenty 
tit es on a page would be 2,SOU pages, and So() pages to'the 
youmc would require only five volumes to contain those 50,000 
titles, pr «<>»«•««, d one page contained Imt ten titles, it would 
^ number, making ten volumes. 

Mil. MAHTm:~Our old index contained about 5,000 titles in a 
year and did not run anything like that. 

[C0M.VIUNIOATIONS KkoKIVICI) AkTKR AlWOUKNMIfiNT.l 

•r\ >- J 
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a general engineering index. The classification and the index^ 
founded upon it, require to be varied to suit the conditions of 

J^ecimal Sj'stem, while admirably 
adapted to the indexing of a general library along Mr. Dewey’s, 
line of decimal sub-divisions and a somewhat forced technical 
classiheation, fails entirely to satisfy even the lay reader pursuine- 
any special line of research in technical literature. The decimal 
system is entirely satisfactory for any engineering classification- 
and future indexing that rnay be founded upon it. Jiut. it may 
be arranged along lines which are as rigid and mechanical as the 
alphabetical system which it seeks to replace; or, it may be de¬ 
veloped in a perfectly natural and therefore logical order, and 
carried to an;^ desired extent,—two requisites of a classiticitiou. 
which it IS impospble for the alphabetical system to realize.. 
These features of the decimal system have recommended it almost 
exclusively for individual use in classifying private collections of 
books,jouraals, periodicals, clippings, technical data, memoranda, 
etc. Ea,ch individual appears to classify and index his branch of 
technical work according to his own ideas and particular require¬ 
ments. It IS this capacity for infinite detail which may exclude 
the logically-developed decimal classification from ever becoming 
universally adopted.^ The gene.al public want some externa^ 
mechanical classification, easily remembered; or, better, not re¬ 
quiring to he I’emembered at all. - » ’ «=- 

The valuable references given by Prof. Shepardson to the* 
many periodicals containing a more or less satisfactory index of 
current technicalliteratnre are without exception, fonided upon 
the alphabetical system, with its cumbersome cross-references iP 
any; and, a very great probability that the title is altogether im- 
known. One knows very well what one wants to find, when he 
wante to find it; but, he would need no index if he remembered 
the titles of all the articles, papers, books, etc, he may have had 
brought before tim in a longer or shorter professional cai-eer. 

technical pajiers have very misleading 
^phabetical titles; add to this the weariness to the fiesli whie£ 

1 roi. bliepardson points out as the natural concomitant of ‘‘ seareh- 
mg the various indexes volume by volume,” and it is no wonder- 
that busy professional men so often misdirect their efforts, throiurbt 
not knowm^nst what others have done along some special line- 

a »subiect-matter index^ not an- 
index of titles or authors, as required by a general librarv lift- 
wants^an up-to-date index of subject matter of a eped^l line 
of technical work,—an index of the information obtainable on a 
given subject, irrespective of titles and anthom 

fied. Yet, while it is developing it should be arranged in an 
orderly inanner and properly classified at once. We wish it so 
brought to our doors, whether as periodical or book pnblications- 
so that herein lies another difficulty of a general adoption of any 
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matter to be indexed should be followed throughout. This cjiu 
be done only by putting the work of the collaborators in the 
hands of an editor-in-chief. 

4. As long a time as possible should be included in tlie same 
index. This 1 regard as very important. Although, almost impos¬ 
sible fully to attain, it should be attained a.s nearly as po.ssible.. 
An index covering a quarter of a year is better than one only 
covering two weeks or two months ; one covering half a year is 
better than one covering only one quarter, and three-(pmrtei*8 of 
a year is still better. But an index to be of the greatest value 
in 181)5, should be an alphabetical index of everytliing that has 
ever been written up to 189.5. If we have separate volumes, it 
takes too much of one’s time to read through the separate 
indexes. 

6. There should as nearly as possible be an avoi<lauce of unduly 
magnifying the importance of one subject over another. This 
can be avoided only by an editor in-chiet'. 

6. Precise information should be given us to the exact publica¬ 
tion in which the work is to be found. 8oiue indexes make 
this too brief; or use coutractious wdiich uufortuiiately may apply 
to several diifererit purposes; or, if they give the name of the pub¬ 
lication in full, do not state whether it is the first vol. 1, or series 
2, vol. 1, or series 8, vol. 1, or series 4 or 5, vol. I, and you do- 
not find what you expee}. to find, as Mr. I^ope duscoverod when he 
tried to do it. 

I think this covers all 1 wish to say, o.xcept that I hope our Sec¬ 
retary will resnnio the indexing of our pulmcations. I have had 
within the last few months considerable difficulty in finding a 
paper that 1 wanted to find, and should have rclulily been able 
to find if wo had even an ordinary index, T, trust, gentlemen, 
that yon will seriously consider tlie advisulnlity of the socioly 
undertaking a work of this kind. Wo can do a good work for 
electrical science if we undertake it 

Thk SifloiiETABY; —WJiile Mr, Caldwell was speaking, 1 figured 
out as nearly as I could from the iufonnatioii ho gave us, the num¬ 
ber of volumes required to contain the 50,000 titles he referred 
to. He suggested there should be no synopsis, hut simply a 
suOicient guide tluit the searcher might Hud tlie article. Twenty 
titles on a page would be 2,500 pages, and 500 pages to the 
volume would require only five volumes to contain those 50,000^ 
titles. Of course, if one page contained but ten titles, it would 
be double the number, making ten volumes. 

Mr. Martin: —Our old index contained about 5,000 titles in a 
year and did not run anything like that. 

[OOMMUNIOATIONS KkOKIVED AtTEB AdJOUBNMKNT.] 

Prof Wm. S. kLpii\oii:-~~(ootmnunicated.) To index will 
require a recognized classification of engineering literature; this 
appears to be the greatest difficulty in the way of any project for 
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a general engineering index. The classification and the index: 
founded upon it, require to be varied to suit the conditions of 
their use. Thus, the Dewey Decimal System, while admirably 
adapted to the indexing of a general library along Mr. Dewey’a 
line of decimal sub-divisions and a somewhat forced technical 
classification, fails entirely to satisfy even the lay reader pursuing:- 
any special line o’f research in technical literature. The deeimfi: 
system is entirely satisfactory for any engineering classification- 
and future indexing that may be founded upon it. liut. it may 
be arranged along lines which are as rigid and mechanical as the^ 
alphabetical system which it seeks to replace; or, it may be de¬ 
veloped in a perfectly natural and therefore logical order, and 
carried to anj^ desired extent,—^two requisites of a classification 
which it is impossible for the alphaoetical system to realize.. 
These features of the decimal system have recommended it almost 
exclusively for individual use in classifying private collections of 
books, journalsj periodicals, clippings, technical data, memoranda,,, 
etc. l^ach individual appears to classify and index his branch of 
technical work according to his own ideas and particular require¬ 
ments. It is this capacity for infinite detail which may exclude 
the logically-developed decimal classification from ever becoming- 
universally adopted. The geneial public want some externa!,, 
mechanical classification, easily remembered; or, better, not re¬ 
quiring to be remembered at all. 

The valuable references given by Prof. Shepardson to the^ 
many periodicals containing a more or less satisfactory index of 
current technical literature are, without exception, founded upon 
the alphabetical system, with its cumbersome cross-references, if 
any; and, a very great probability that the title is altogether un¬ 
known. One knows very well what one wants to find, when he- 
wants to find it; but, he would need no index if he remembered, 
the titles of all the articles, papers, hooks, etc, he may have had- 
brought before him in a longer or shorter professional career^ 
Some exceedingly valuable technical papers have very misleading- 
alphabetical titles ; add to this the weariness to the flesh which- 
Prof. Shepardson points ont as the natural concomitant of “ search¬ 
ing the various indexes volume by volume,” and it is no wonder- 
that busy professional men so often misdirect their efforts, thronghi 
not knowing just what others have done along some special line; 
of work, wliat he wants is a “subiect-matter index,” not an; 
index of titles or authors, as required oy a general library. He? 
wants an up-to-date index of subject matter of a special line 
of technical work,—an index of the information obtainable on a. 
given subject, irrespective of titles and antihors. 

Engineering knowledge must develop before it can be c]a8sr>- 
fied. Yet, while it is developing it should be arranged in an 
orderly manner and properly classified at once. AVe wish it so 
brought to onr doors, whether as periodical or book publications; 
so that herein lies another difficulty of a general adoption of any 
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•engineering classification,—it cannot well anticipate additions to 
onr knowledge. What shall be done with the ever increasing 
volume of the unclassiiiable ? One has but to watch the yearly 
growth of any well-known technical index, to seethe list of “ inis- 
cellaneous” steadily lengthen out, till a new heading for the en¬ 
suing year absorbs some of that which was formerly “ miscel¬ 
laneous.” This method of extension does not promote researcli 
intp the literature of a technical subject whenever it becomes 
necessary. However, at the present day, enough has already 
been accomplished to enable one to anticipate the most probable 
lines of future development, at least in his own si^ecialty,—if 
not to conform this development to existing lines. 

While we are waiting for some concerted action by the engi¬ 
neering societies regarding the adoption of a general engineering 
classification, I think we should all b i glad to see some enter¬ 
prising publisher adopt Prof. Shepardson’s suggestions as to pub¬ 
lishing monthly, or oftener, a separate index slieet (or card of 
standard library size), containing, with reference to any one 
article, all of the inf«»rmation which lie has suggested. Lf these 
were ruled, or otherwise divided like the standard <iards of 
library lists, with blank spaces in the upper right and left hand 
corner, it would be possible for individuals to number and ar¬ 
range them in card catalogue cases according to tlioir own classifi¬ 
cations. I think it is tlie general experience of all those who 
have done anything at all in this line, Tiiat they can more readily 
handle their own system of classification than tliat of another. 
What they want is the subject-matter in printed shape to handle. 
The index of the Journal of the AssoGiatiori (f Knyinim-ing 
Sooietiesy though having all of the desirable qualities noted l)y 
Prof. Shepardson, is still not in shape for putting all articles of 
one kind together without cutting and pasting, ad lihHum,. 
Each and every article should come to tlie subscriber, (jompletely 
indexed by itself. He can then do what he wants to with it. 
As has been noted in the papers, this admits of all the jjast being 
similarly indexed, sold and filed by individuals or societies. 

There is a suggestion I should like to add to those given by 
Prof. Shepardson, were it not that I fear that it is farther from 
being realized than any he has noted. It is to encourage the 
hearty co-operation of publishers of all engineering journals and 
periodicals, to establish the precedent of sending’ out to their 
subscribers, with each issue, a card catalogue of the table of con¬ 
tents. To get all these of a standard size will be the dilHcnlty; 
that granted, the card contents should possess all of the 8])ecial 
features noted in the paper; to which might be added a general 
or seiial filing number, for the particular periodical issuing the 
same, and liberal blank space in .the upper right and left hand 
oorners for the individual’s classification and filing number. 

Prof. 0. Wellman Parks :— {Gomm,uniGated.) Circumstances 
prevented me from attending the meeting of the Institute which 
was held this week, and I regret it very much for I take a great 
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^^verytliinu; \vlii(‘li is said that, has a tondency to ad¬ 
vance the time whim one will he aide to keep uj) with the cur¬ 
rent litcmtiire on any sub jeet, ami yet have time to do some 
good, either as an instnietor or as a practicing engineer. ITiitil 
somehody pi’ovides a rellahle imiex whiidi can hi* used easily, one 
must devote his time either to reading or to practicing, and 
neither occupation is wholly satisFaetory. While teaching in the 
Trov Polyteelmie, I Felt so strongly the ni*ed of a proper index, 
that 1 was led to give much attention t(> this snhject, and believe 
that uniier propt“r conditions sui'h an index can ho |)re|)ared and 
issued. I will not .say that it can he made self-supporting. Imt I 
believe that it ean. for it slmnhl have a elientage ol at lesi-st tif- 
tcen thousand users. Its sueeess depiuids to a groat extent upon 
the suhscri)»tion priee as well as upon its form. Its .snh.seription 
price depends upon eosi ol prodiietion and upon advertising. A 
very serious item in cost of prmluetion is eo.st of isunposition, 
liecently invented maehinery whieh will pr<d>ahly he ready for 
the marlcet within a short time will pridialdy reduee tlie cost of 
composition so much that the iiiilcx cati he sold at a low price, if 
too imicli is not paid for indexing and editorial work. Indexing 
need not cost much if one is willing to use the unpaid services 
of co-lahonM*s, hut such a system means delay in issuing the inde.x. 

1 helieve tliat tin* index should he issued almost as soon as the 
periodicals indexed, and that each week’s issue should index all 
of the articles piihlished iltiring the <*urreut ipuirter. At the end 
of six. nine, and twelve mouths, single volum(‘s should la* made 
to index every article of eiirretit year up to the date id’ puhlica- 
tlon. 'I'Ids method makes it uune<M>ssury to lamsult more tliau 
two lists for all of the articles of thi'imrrent viMir. Such a method 
wouhl he c.'^peusiv(; if ont^ wiu'c ohligcd to pay for recomposition, 
l)Ut it would l»e mmessary to pay for new uuithu’ only. Again, 
if regular type wen* ii.scd, the cost of the tyjie would lx? very 
great. 

('onsidernlileattention given to hook idassilieation has convinced 
me that no system yet puhlished is good for all lih"arie.s, and I 
am sure that no one of tliein is as eonveidi?ut as the ordinary 
alpliahetieal li.st in whieh hooks and articles appear under title, 
.snhject, and autlior. Uut the latter system is more cxpenHiveto 
])rint, for it is nii»re bulky. I helieve its gr<?ater eonve.nienco 
makt?s it really cheaper, so would advise its use. 

The proper |daee for the prejiarution of mich an index is eiliier 
New York ordhieago. The tormiir because it is the gateway 
through \vld<di all foreign publications reaidi America, it. is the 
publication <?enter of America, and it is the center of a very large 
nurnher of sc,ienti.sts and engineers who are ncfar enough to he 
good co*operji.tor.s. 'riu* spec.ial advantage of Chicago is the 
greater ease with whiidi money can he semired for projects which 
promise either fame, or pec.uniary return. It is also much nearer 
the center of popnhition of the country. 
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My first impression was that this work should be doue by one 
of our great universities, luit a reason given against this seems 
sufficient. Now, I think that it should be done by an association 
of all the scientific and engineering societies, universities and 
scientific scliools, and periodicals near whatever place is chosen 
for the work. Tlie plan of the Gomiopolittin. Magazine should 
be followed, that is, an office in the city, and a factory in the 
neighboring country. 

[Adjourned.] 



1894.] SHHSPABDSON ON AN BNQINBEBING INDEX. 


831 


Discussion in Chicago, Nov. 2l8t, 1894. 

[Mr. L. L. Summers in the Chair.] 

A meeting of the western members of the Institute was held 
in the Physics Lecture Koom of Armour Institute. In the ab¬ 
sence of the Local Honorary Secretary, Mr. B. J. Arnold, the 
meeting was called to order by Professor Stine, about thirty 
members and visitors being in attendance. Upon motion, Mr. 
L. L. Summers was appointed Chairman. The paper of the even¬ 
ing, “ Indexing Electrical Literature,” by Professor Shepardson 
was read in detail by Mr. Fred. DeLand, at the author’s request. 

Mu. Fred. DeLand :—Prof. Shepardson’s paper has very clearly 
set forth the pressing need of a comprehensive index to the engi¬ 
neering literature of the past as well as the present, to the end 
that valuable time now spent in vain searching may be saved, and 
the duplication of unnecessary and expensive work avoided; has 
outlined the spasmodic efforts put forth from time to time; and 
has shown how easily a grand work may be accomplished by sys¬ 
tematic co-operation. Thus it remains for us to discuss how all 
interested parties can best act as a unit in accomplishing the de¬ 
sired end. 

How can a proper synopsis of all important articles in current 
publications be most easily obtained ? I believe that a concerted 
effort should be made to have appear in each issue of every 
technical publication, a brief synopsis of the important articles ar¬ 
ranged after the plan shown on the sheets handed to you. At 
lirst thought this may seem impracticable, but it will only re¬ 
quire a trial in a few issues to aeinonstrate the value of it, both 
as a time saver, and a seller of the periodical. How greatly it 
would simplify the work of indexing must be obvious to all. I 
have occasionally followed this plan in the publication of my mag¬ 
azine, and found that it proved very useful to readers, especiallv 
to news-stand buyers, and of some profit to the publisher through 
increased sales. Every writer for the, technical press should be 
encouraged to send with his naanuscript a brief summary of its 
contents, not exceeding forty words. This the publisher should 
have arranged something after the following example, and should 
place it in that portion of the paper that may be scissored without 
destroying its value for binding: 

‘Tlie BKotioii of tlie Btlier near tlie Eaitli. ByOiive^Lodse. 

"Prococdings Royal Institution, (Sreat Britain, No. 86,1893, Believes the ether does not move; if 
moyinfiT matter disturbs ether in its neifthborhood at all, it does so by some minute action, compara- 
■ hle In amount perhaps to gravitation, and possibly by means of the same property as that to which 
jgravitation is due. Not by anything that can fairly be likened to ethereal viscosity. i6p., 10 i. 

I propose to follow this plan in coming numbers oi Mectrical 
Engineeringy using a four inch column, bold-face brevier type for 
title, and nonpareil for author’s name, name of publication, and 
summary of contents, as above. . By adopting this size of column 
it will enable card index owners to clip and paste on cards, or the 
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slips may be pasted in scrap-books suitaldy divided, though the 
card index will probably be found far tlie most satisfactory. If 
a majority of publishers of technical journals will only agree to 
follow a similar plan, it will establish a nucleus for a magnificent 
index, and one that will prove invaluable to theoretical and pnic- 
tical engineers in the very near future. 

Pkof. W. M. Stint; :—[ have read the paper with considerable 
interest, and possibly can connect it to some extent with a matter 
in whicli I was interested sometime ago. Mr. Caldwell, who has 
removed to New York, and myself, some months since dis¬ 
cussed with each other the feasibility of the Amkuioan Ins-htutk 
OP Electkioal Enotneeks taking up the suliject of index¬ 
ing current periodical literature. It is almost needless to discuss 
the demand for this, and it seems but a (juestion of ways and 
means. We came to no definite conclusion further than that I 
believe Mr. Caldwell sent out some 200 letters in connection with 
it. He left for New York soon after, and I have lost track of the 
results of his effortr^. 

I feel very grateful to the author for bringing the matter to a 
focus. 1 have had quite a little experience in this connection in 
the conducting of a private index, in fact I can scarcely remem¬ 
ber a time w'hen the necessity for indexing was not forced upon 
ino., I recognijced very early that to become a good student, I 
must have command of not only the current periodicals, but also 
of crystallixed literature. I made a study of a few forms of in¬ 
dexes that were on the market—blank forms rather—and from 
them in the manner suggested, I constructed one which 1 have 
followed for a number of years with considerable success as far as 
my own efforts were concerned. Mr. Caldwell informed me that 
his experience was somewhat similar, that he had even gone fur¬ 
ther and had employed the services of a stenographer, and had 
made a brave attempt to form an extensive index. He, however, 
was forced to give it up, and it is not too much to say that othera 
have been brought to the same conclusion. 

It is a matter of considerable interest to me to know what ac¬ 
tion will result from this paper. The paper before us is a timely 
one. It brings to a focus a general feeling that some means be 
taken at once, to enable the student or the busy engineer to com¬ 
pass the whole held of thought and investigation on his subject 
and to be permanently master of the matter by being able torefer 
to it when occasion demands. The prevailing tendency of our 
time is toward highest efficiencies in all lines. The htearn engine 
within its limits, electrical devices and machinery, manufacturing 
processes one and all, are receiving the deepest tliought, to make 
them approximate as closely as possible to the ideal efficiency of 
100 per cent. But, strange as it may seem, very little attention 
has been paid to the human mind and working hours at one’s- 
disposal, to enable it to work under conditions of maximum 
efficiency. It may be that human talent and time are so inex- 
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luuistiblotliat froul tlioir i»;reat rtbnndaiice, the need of economy^ 
e.Kcept incsisos t)f individiuils is not so apparent. JBut sporadic at¬ 
tempts in tins direction are without doubt giving place to well 
directed effort, and in no ease is tliis better illustrated than in the 
eonsideration of our subject. The enormous activity of thought 
and investigation has produced a mass of matter utterly beyond 
the i>owcr of any one to coinjiass, even in narrow lines. Like a 
great Ini.siness et)ncern, the electrical work must call a halt, and 
take an inventory to prevent needless waste, and the constant 
transfer of the same article from debit to credit pages. The re¬ 
lation of cause and eifect, and the workings of the human mind 
are so similar, that the investigator or writer, if he works with¬ 
out rt‘f(!renee to what has already been done, will develop tho 
8ul)jcct, and liud on sid>.se(picnt searclt that he has done just what 
others have done before him. It is one of the most singular facts, 
in the action id’ the liutnan mind that the development of a sub¬ 
ject is consecutive and to agreat extent indepcndentof the worker. 
Thougl> so much has already been aecomplished, it is but a titho 
of wliat still remains, and it is to be earnestly desired that means, 
be at baud to prevent waste of time l)y doing what has already 
been accomplished. But all this is apparent and well understood. 
There is no need to enter into further detail. It is an absolute 


necessity to provide s<mie suitalde means for utilizing the great 
inassof facts and wealth of thought on electrical sxibjccts. The 
(piestion is only one of ways and means to tliis end. 

As tJie paper intiniiites, some of us have made attempts at 
iudiviiliial rvdenmees. Some ytnirs sluce I elaborated a system 
of itah'xiug trf the boohs aiul pcriodlciils in ttiy possoHsion. I 
made if; Ji rule not to nnul either book or periodical which was 
not worth imh^xiiig, but the task is set herculean that it is fast be- 
(Mjining impossible to |»erfonii. I feel more and more that the 
labor .spent upon if is imiiroductive. Not that the index in itself 
does not repay im*, I>ut realizing I am only doing what others are 
engsiged upon, I Indii've that the siib ject is one for co-operative 
rather than imliviiliml elTort. On the other hand, where 1 have 


failed to index, the time spent in searching for the desii’ud article 
lias been annoying and priicfically wasteil. 

Oar liliruries, witli tlieir array of bound volumes of periodicals^ 
inemoir.s, and treatises are practic'ally sealed to all lint a favored 
few, who are so situated that they may take the time necessary 
to familiarize tbenhselves with their conteiit.s. 

A'aniversal language would certainly jirove a vast boon to the 
worlil ill saving time and elTort. I look upon an index of past 
aa<l current thought us one of the grandest forms of uuivei'sal 
language tliat can he placcal in the hands of the .seieiititie man. 

An inde.x to Ih‘ valuable must be evolved from tlie expressed 
needs ami opinions of the many. This paper will prove most 
valuable as u means for bringing out various oinnions, and lead 
t‘» giving precise detail to the varying needs of widely different 
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classes of workers, even should it not directly result in reali- 
jiation. 

Eealizing the importance of a full exin-ession of 0]nnion on this 
phject I have endeavored to formulate my opinion of what an 
index should he, in ordei* to place it alongside of that of othei’s 
•engaged in dilfei’ent lines, 

X tianuot agree with Ih'ofessor She|)ardson in his ojunion that 
both the ])eriodieal and literature index he eondnned in one. 
This would render the matter unwieldy and eventually defeat tlui 
project. 1 believe that the two should he kej)t sepanite and 
distinct. It still remains to be ])roven that sufficient co-o|»eration 
can be secured to render an index poH8il)le. Hotter attempt only 
one ]diase at a time until the .proper expei-ience is gained,and the 
public educated up to its su])])ort. lly all means led the periodi- 
•fjal index he the hrst attempted. I*eriodical literature is always 
more or less chaotic. Xlooks may he c,onsi<lered as crystallizations 
pf this literature, and amount in Volume to a small fraction of it. 
Ihe student is still ahle to handle his books readily, thoindi it 
may be impossible for him to deal with current writings. If all 
electrical literature appeared <»nly in the strictly electrical publi¬ 
cations, the <lifficulty of keeping abreast with it would not 
be so great. But the subject is receiving such wides|)read atten¬ 
tion, that electrical articles of value appear in all classes of iieri- 
odicals. ^ To render the index then of the greatest value, the 
<entire field of periodical publication must he constantly gone 
■over. This is the scojioof the work. 

What form should this index tako '^ An index by mere title 
as has here been pointed out is of little value. Tl'ie title and 
author being given, this should he supplemented by as few words 
of description as possible. The indexer often pays too little at- 
fentioii t.(.» the intelligence of his readers, and is needlessly ex¬ 
planatory. In, most cases the mere names of subjects treated' will 
prove sufficient. The numher of pages of words whicli the arti¬ 
cle contains is siiarcely wortli the trouble and s|)ace which it re- 
fjuires. I would, in no case advocate abstracts unless they are 
ahsolutely necessary. It is needless to seek by an abstract to give 
the information wliich the article itself sliould (convey. In order 
to index an article properly it must he carefully read and the 
subject matter noted. The subject matter so far as possible in 
more mention can then be incorporated with its title, and also 
used for cross-reference, a'he featui*e of cross-referencHJs should 
be as carefnlly worked out as that of the leading subjects of the 
articles themselves. 

But we must also recognize tliat in an index we may load the 
'Camel^ until the breaking of its back. Because the subject of 
electricity has associated with it nearly every other science, and 
avenue of human activity, many people imagine thar an index of 
electrical literature should embrace references to all other subjects 
directly or remotely affecting it., A. line must he drawn or an 
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■electrical index will become impossible. Let steam engines die- 
presses, etc., be cared for in tlieir own appropriate indexes so as 
to keep the subjects within workable limits. I see no necessity 
for catering to the demands of partially associated interests. 

I also desjre to offer some suggestions on matters of detail 
Economy of space and time dictates that the matter of the index 
be as concise as possible. Many current indexes use abbreviations 
for the names of periodicals which necessitates a key. The name 
in full and date, though desirable, is by no means' essential. I 
have come to regard a numeral notation as best adapted to this 
woi’k. Let each periodical be assigned a speeihc number. Then 
the index should conclude with the periodical number in heavy 
bold-faced type; the date in italics; the page in numerals of the 
face of type employed in the index. For bound volumes the nu¬ 
merical key might be repeated on every even hundredth page, and 
if issued in parts, the key should be included in each. The index 
should be issued monthly or quarterly and be also obtainable in 
yearly volumes. 

Th'e same considerations apply to the means for publishing 
the index. The American Institute of Electrical Engineers 
is preeminently a suitable center to undertake the task. A suit¬ 
ably selected committee could adopt a plan and divide the in¬ 
dexing into appropriate headings. It seems that if the work be 
done at all it must be done by individuals voluntarily, whose work 
shall be co-ordinated by a central editing committee. I have 
reason to believe that all publishers will contribute to the enter¬ 
prise to the extent of contributing at least one copy of their re¬ 
spective periodicals. 

The volunteers should be carefully selected by this committee, 
ami one or more subjects assigned to each, with special reference 
to qualifications for the work. In order to prevent confusion, 
eac'h person should be assigned one or more periodicals, or, per- 
liaps better, each one be expected to thoroughly index liis respec¬ 
tive periodicals in accordance with the subdmsions adopted by 
the committee. I feel certain that the financial portion of the 
undertaking wMll receive ready support and be well provided for, 
once a definite plan is adopted. 

Mr. L. I^. Summers :—There can be little doubt the need of 
a suitable index is felt, yet experience would seem to indicate 
that owing to lack of support, as an independent enterprise it can 
not be made successful financially. Whether this is due to the 
limited number who have libraries or pei'iodical files extensive 
■enough to warrant subscription to an index, or whether most of 
the attempts thus far made have been in the nature of a compro¬ 
mise, and have not had support for that reason, it is difBcult to 
decide. It Avould seem that a compromise of some form must be 
agreed upon, as an index broad enough in scope to suit perhaps 
the majority will not be able to contain abstracts of articles which 
•others seem to desire. To my mind it is absolutely necessary, 
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that in addition to a [)i*o[)er title and tlie authors name, some idea 
of the length of an article, its scope, relative inqmrtanee, or gen¬ 
eral coTiclnsions be given. This should he very brief and would 
not necessarily be a digest of the article. If the author's nanye 
alone is acce[)ted as a guarantee of merit, much that is valualyle 
fi’oni the pons of comparati vely unknown writei-s may he buried 
through lack of this prote(dive shield, and an appreciation of the 
value of an article can only he formed by refeiTing to it. That 
there is a useless vvjistc of tinie in the individual elforts which have 
been made, is readily ai)parent, ami it would seem that an investi¬ 
gation on the [)art of the Amiokioan Institutk ok Er.Kcri’RicAr. 
EN(aNnioiiH might accomplish nimdi, not oidy in ascertaining the 
beat plan to be followe<l, but in semiring' co-operation and in 
avoiding the necessity for a duplicati»m of individual efforts. 
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minor aniendmeiils. On the ilOth of ,lune tint ITou.se of Itepresentatives coii- 
e.uired. and on Ihe P’tli of J uly the bill received the approval of the President. 

Vonr-s respectfully, 


WltddAM E.<}EYEIt, 

Ohio. A. MAMII/roN, 

W. 1). WKAVElt, , OomniittiH.'. 

h’. H. CROCKER, 

A. K. KENNKIJiY, Clinirman. 


I Pimbii:--■No. lorj.j 

At; Al t lo ilcliiie uml rstuliliNli tin; iiiiitHof el<;tari(.'ul mrusurc. 
fk it awetut hjt {hr. fhmtttr anti Ihnm of lU'.pi'mutUitmm of the UniUnl Stttk» 
of Amcfit'll in (JoHffrruK nm ifilihti, 'IMiat from ainl after the passage of this Act 
the legal iiiiil.s of electrical measure in the United States shall be as follows: 

First. TluMinit of re.sistanee shall be wliat is known as the international 
ohm, which is siib.slnutiaily etpiul to one thousand tnilUoii units of resistance of 
the cetdiineter-grani-secoiid system of electro-magiietie. units, and is represetiteil 
by the resislniiee ulTered to an unvarying electric currisut by a coluiim of mer- 
<!ury at the tomperatui'e of melting ice. fourteen and four thomsaiid five hundred 
and tweHty.one ten-thousandths grams in. mass, of a constant cross-scetional 
area, and of the leiigl h of one hundred and sU and three tenths centitnclers. 

Seifoiid, The unit of iturn.mt shall b« wliat is known as the international 
ampere, which is one-tentli of Hie unit of current of the centimetor-grain-second 
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system of clectro-nmgnetie units, and is the prael.ieal equivalent of the nnviuy- 
ing current, wliich, when passed tlirough solution of nitrate of silver in water 
in accordance witli standard snecifications, deposits silver at the rate of one 
thousand one hundred and cignteeu millionths of a gram per second. 

Third. Tlie unit of (OcetrcHinotivo forcM* shall Ixj what is known as the inter¬ 
national volt, which is the electro-motive force that, steadily applied to a con¬ 
ductor Avhoso resistance is one internal-Lonal ohm, will produce a current of an 
international ampere, ajid is })raotically equivalent to one thousand fourteen 
hundred and thiily-fourths of the electro-motive force hetween the poles or 
electrodes of the voltaic cell known as Clark’s cell, at a temperature of fifteen 
degj’ccs centigrade, and prepared in the juanner descinbed in the standard s{)cci- 
fleations. 

•Fourth. The unit of ((uantity .shall be what is known as (he international 
coulomb, which is this quantity of electricity transferred by a current of one 
international ampere in one second. 

Fifth. The unit of capacity shall be what is known as the international 
farad, which is the capacity of a conden.ser charged to a |)oteutial of one inter- 
ternational volt by one international coulomb of electricity. 

Sixth. The unit of work .shall be the Joule, which is eijual to ten million 
units of work in the centinuster-gram-sccond syslem, and which is piiietically 
equivalent to the energy expended in one seiiond by an international ampere in 
an international tdiin. 

Seventh. The unit of power shall be the Watt, which is equal to ten million 
units of power in the c!entimotei*-gram-secoiid system, and which is practically 
equivalent to the Avork done at the rale of one Joule per second. 

Kighth. The unit of iiulnclioii shall he l.hc llciiry, which is the induction 
in a circuit when the electro-motiVC .force induced in this circuit is one inter¬ 
national volt while 1 he Imluciugeummt varie.s at the rate of one ampere per second. 

Sko. 3. Tliat It shall be the duty of the National Academy of Sciences to 
piTsscribo and publish, as soon as possible after tlie passage of l.his Act, such 
sped (lent ions of details us shall he. necessary for the | irautica] application of the 
delinltions of the ampere and volt Imrcinheforc given, and such spocillcatlons 
shall bo the standard Hpeciticatloiis herein meutiotuid. 

Approved, July 13, 1804 


fiJlu CoNUKioss, I HOUSE OF REPUESETATIVES. j Ubi'oiit 
3rf Si'Miion, ) \ No. OUl. 

UNITS OP ELECTRICAL MEASURE. 

Msiy ig, i8o 4.—Referred K) tin: House Culendnr und ordered to lie printed. 

Mr. CiiAULKs W. Stonk, from the Oomuiittt'e on Coinage, Weiglits and Me4is 

ure.s, siibmiticd tlio following 

REPORT; 

[T(j accompany H, R. Ggoo.] 

The Committee on Coinage, Weights and Measures, to whom was referred the 
liill (H. R. (1500) to dcllne and es1.uhlish tlm units of electrical measure, raspect- 
fully report: 

More than $100,000,000 (and iirobably several times that amount) arc in¬ 
vested in the appliances for the production ami u.se of clecij’icity and electrical 
macliinery in the United States, and yet t.horo are at the present time no legally 
defined units or standards tor the measurement of this enormous product. 
Although contracts, involving the exptsnditurc of largo .sums of momsy are being 
made every day for supplying electricity to bo utilized Jis power, light or other¬ 
wise, and for fnriiisliing electrical rnaohincry, there are no properly authorized 
standards by moans of which either this seller or the buyer can ho protected or 
to enable the courts to determine definitely when the contract has been ful¬ 
filled. This is not owing to the non-oxistcnco of suitable miRs or slandards, for 
in no other department of engineering arc the methods of precise mctusureinent 
so satisfactory as in this. 

Units of electrical measure which have been u.sod in .scientific investigations 
.for more than a decade have come into use in the practical application of clco- 
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tHcity siii<l liHVo liifoii jic*(.;(‘|tle«l as iioetfssjiry Hiul sufficient in all countries A 
formal international ai- iviunont u|R»n the names and precise definitions of these 
iniils was necessary iM^forc it was desirable to fix them by legislative enactment 


This agreement lias now been reached aftisr several preliminary conferences 
and is to be found in I he ofilcial report of the Chamlier of delegates of the In¬ 
ternational (longress of Ehartrieians, held at Chicago in August, 1898. The 
Ohamber eonsisled .d’ delegates ofiieially representing all the leading nations of 
the world-^Ihe Hiiiti'd Slates, (Ireat Britain, Franco and Germany being I’epro- 
senteil by live delegati^s each, and other nations by a smaller number 


following:”.the naiiics and ilelliiitions of the eight units being then given as 

in the bill herewilh reported. 

The names of th.we units are in all cases derived from those, of distinguishetl 
electrieiaiis. No name of a living man has boon used, and those who have eon- 
tributisl most to I he develojnneiit of the scioneo have been selected, some atten¬ 
tion being also given to their distribution among the several great contributing 
nations. Nearly all of these mimes have been long in u.se and all have become 
fixed in the literature of the subject. The three most frenuently used arc the 
ohm, ainpeiv and volt, being the units of resistance, current strength and elee- 
tro-motiye force or pn‘ssur«s respectively. The «/m is named in honor of a 
distinguished tIcrmiui, born in the latter part of the last century; the ampere 
is named for tin.' h’renchinuii of that name, who so greatly enriched the science 
of electricity in the early part of the present century; the wit is named for 
Volta, the llatian coutcniporary of (lalvani. 

h’ollowiiig these are the coiiloiuh, iiaiimd for a French elcctrieian of the last 
eenlury; the in honor of the eelehnitcd Faraday; the janJe, in honor of 

another Miiglisli scieiitisU .lames BreseotL .Ionic; tijo for Janies Watt, the 
inventor of the stenm engiiii', and also eminent in electrical investigation, and, 
liiially, the litnrf/, in wliieh a place is provided in this .splendid galaxy of phy¬ 
sicists for oiir own .lo,seph Henry, whose electrical researches well deserve to. 
rank with those of the most famous of any age. 

These units form ii, tsniiphde and aecuriUe system of electrical ineasui’einents, 
ami their legalizalion by net of Gongress is I'aniestly desired by all electricians 
and tliose iriteresbsl in ilie inatiufactiii'e of (dectrical niacliiucry or the use of 
eliMitrie.ily. It is imperatively demanded as a means of protection for the 
rapidly inerca.sirig nmiiher of eoiisumei's of electricity, and it is also urgiul by 
tho.se engaged in Hie |troduetiou. 

It is also importaiil l.o l.lie (.ioveriiment, whiidi is itself a large and constantly 
increasing eon.suiiier of eleelricity and electrical machiticry. Unit authoritative, 
units of mea.Mire he adopted. 'I’liis has lieon fully rceognizoil by thosnporliiteud- 
eiit of siatidnrd weights and nieHsure.s ami by tfie Scci*elary of the Treasury, 
and tin.! iinil.s of meusure.ineiit defined In this hill have already been formnlly 
apnrnved by llieiii and adopted for (ioveriuin?nt use. 

This department 111 aetioii should receive legislative approval, and, beyond 
that, the neee.H^ilies of eoiiiiimrcial use, a.s widl ns the conveuienco and uccui'acy 
(d seientifie investigation, reipiire. the estnhlisiimcnt of authoritative units of 
electrical nieiisure. 


'I’he .system emhrnced in l.his bill, having rcceive.d the iinaiiitnous ai>proval 
of the Vepresi'iital ivc'S of all the nations participating in the recent intor- 
iiiitiimal Gongress of Kleetrieians held in Ghieago, it is believed will be adopted 
by the other nations of Fnrope, and America and bceome a uniform and inter¬ 
nal ioiial system. 

.\s the congres.s formulating this sy.stem WHS held in the United States and 
presided over by one of her iinisl. distinguished scientists, it will bo a matter of 
pride for this country to lead in the formal and legal adoption of this system, 
and your eonitniltee reeominended the prompt passage of this bill. 

Two or three clerical errors should, however, be corrected, and the committee 
recomiiieiuhsl I bat it be amendial liy striking out the words “ ten and nine- 
tenllis" ill the sixth line, and instirtlng “one thousand million,” and in the 
fortieth line .Hi, rike out the words “ten and sovt'ii-tonths, ’ and in the forty- 
fifth line, strike out the same words, and caeh insUuco insert in lieu of these 
words striekini out the words “ ten million,” 
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The president:— There being no other biisiness, the next 
matter as announced, will be a paper by Mr. Lndwig Gntmann of 
Chicago, entitled, “ The Production of Rotary Magnetic Fields 
W a^in^le Alternating Current.” As the author is not here, 
Dr. Pupm has kindly agreed to present the paper, 






A ptii>er /‘resettUd at the NinlyJh'st Merlin^ of the 
American Inetiiute of Electrical EngineerSy 
Nenv yorh, Prexident Houston in the Chair, and 
Chicago, Mr. l.ciand L, Suininerx in the Chair, 
December iqth, iS\^. 


ON ^rilK PRODITOTION OF ROTARY MAaNETIO 
FIKLDS BY A SINGLE ALTERNATING 
OURRENT. 


18 Y MIDWK} (lUTMANN. 


Siluie the first Miinoiineoiueiits of Prof. FcMTiiri.s aiul Mr,. 
Tosla, that rotation cun ho acooinjiiishod l»y oinployinir two or 
more alternatin^j: (nirronts of displaced phase, the question has 
been raised by nuiny an enf»‘ineer as to tlie possibility of produe- 
injif a rotary niagnetii^ field by the use of a single eirenit, carrying 
the ordinary alternating current, instead of requiring three or 
more wires or several independent circaiits. So far it has Iwea 
necessary to construct a special generator arnuiture, the windings 
of which were rotated in afield of (unistant pohirity, to produce 
two or more (jurrents lagging in [iluise behind each other. To* 
use the currtsnts generated Lir establishing a jirogressive or rotary 
field, it was necfessary to carry sis many wires to the jihu^e of con¬ 
sumption as (Mirrents wore employed diffei-ing in phasti. Six 
years have passe*!, and (pdte rapid progress has been made in vari¬ 
ous directions. 1 wish now, to bring to your notice, a method 
of gciiierating a rotary magnetic field l)y a single alternating cur¬ 
rent or its field, without condensers or choking coils. This is 
aceoiiqilisbed by a device lirought out by me some three years 
sigo. Its fundamental principle is hardly as yet appreciated^ 
however, the World’s Fair exhiluts as well as literature of'late,, 
show tliat the device has attracted attention, and that several en¬ 
gineers have approached the principle involved. 

I wish to refer to my motor and especially to its armature 
described in 1891.^ Figures 1 and 2 show the device. The* 

1 Electrical Engineer, voJ. xii., Aug. 20, ISUl, j.). 280. 
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former is principally used in the American patents, while the 
latter is given in the English patent of the same year. The 
novelty of the armature constimction, lies in a winding containing 
closed sub-circuits; and another point is, that* the closed circuit® 
do not coincide in number with the poles of the held magnet.. 



Fia. 1. Fig. 2. 


Before going into the action of this device, I will mention two 
simple experiments which are essential in order to understand the- 
operation of this rotary magnetic held system. 

If we have a closed coil moving in an alternating magnetic 
field, or better, between the poles of a field magnet as illustrated 
in Figs. 3 and 3«, energized by alternating currents; then the 
coil A, will be repelled from the pole, owing to the secondary^ 
field which it establishes, so long as it cuts, or is threaded hj 
the lines of force of the field. The consequence is, that it 
will rotate, and phice itself between the north and south pole^, 
Fig. 4, where it reaches a tnagnetic equiW>riumy as I 




like to term it, because in this position it acts like a* pendulum 
properly suspended (Fig, 6). Any motion imparted causes the 
pendulum to make a few oscillations and come to rest, and sim¬ 
ilarly any attempt made to move the coil into an energized field 
will cause it to be repelled, and after a few oscillations it will re- 
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main at rest l)otween the poles. It is repelled in either direction, 
because as soon as it appi’oaclies a stron'r magnetic flux, eiuTents 
are induced in its winding's and (M'eate an opposing field. The 
same coil can be in unstable magnetic equilibrium (Fig. 6), if it 
.stands just in front of a pole, in vvdiieh position it would act like 
a ])endulum which is bahuiced with the v/eight aliove the point 
of sup|>ort (Fig. 7). both are in unstable equilibrium; the least 
motion to the left or right imparted to either, will cause them to 
accclcrsite in the direction of the im[)ulse, and to assume a ]) 08 ition 
of stability (Figs. Y and 5). In this position, Fig. 4-, the coil is 
therefore eurreutless. .7’Av*.s‘ titafjle jumtwn, '/.v ///c natural pos-i- 
tion of m/nohronous motara in oporatiou. 

If such a synchronous motor is held l)ehind the phase when 
rotating under load, a heavier current is induced in the spools 



which ac<!elerate the armature and keep it in step. If, however, 
the motor runs in harmony, and suddenly a great deal of the load 
is taken olf, then the armature lias a tendency to go more 
quickly, but in this case opposing eurrents are generated in the 
windings which retard the speed of the armature and keep it 
back, to remain in step, or in stability. 

Let us look into the device before us, and consider first its 
quality as a motor. Returning to Figs. 1 or ti, [)referably the 
latter, which is simpler and easier to tixplain, we find that if we 
send into the held magnet coil an alternating current, the arma¬ 
ture will turn through a certain angle and stop. This motion de¬ 
pends upon the position of the throe clo.sed coils with respect to 
the two poles. This same device can itself be self-starting if we 
make the ])oles far enough apart and the energizing current suf¬ 
ficiently strong, 80 that at the initial speed the armature is repelled 
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at a certain rate. This initial speed changes with the number of 
poles, closed circuits and alternations.’ Let us take the first 
case and examine it. If we try to rotate the armature (as I 
shall call it hereafter), in a Held of alternating polarity, we 
induce currents in tlie closed circuits, which establish poles. 



Pia. 8. 


blit these poles are alternating in nature, and owing to the mo¬ 
tion imparted, and owing further to the permanent connections 
in the winding, the poles move or travel, with the latter. This 
accounts for the fact that if the field poles are close together 
the armature conHUines power during its rotation through the 
alternating Held ; it acts us a dynamo and does not start from a 
state of rest. If we impart by mechanical means an impulse 
to the urmaturc, currents are generated whose sum has a variable 
and pi’incipally negati ve value. The armature makes a few revolu¬ 
tions and places itself in a stable magnetic equilibrium, viz., in 
such a position, Bymmotrical if possible, as not to generate any 
currents, and hence not to induce any reactionary^ poles in the 
core. If, however, we impart to this armature a certain initial 
speed, which I shall call ths oritioal ftpeed, then it will continue 
to rotate, with a tendency to reach a certain fixed higher 
speed. This initial impulse may be given by mechanical or 
electrical means. 1 shall not state the results as yet, but prefer 



Pio. 9. 


to explore the action first, so that the same may be before us 
in various diagrams, and enable us to make any deduction 
desirable. First, let us assume that the armature rotates syn- 

1. It is well to call the armature poles due to the armature currents, reaction¬ 
ary poles. .Tho other armatuie poles are induced directly by the field poles, and 
contribute nothing to the torque. 
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ehronoiisly: It is evident that in order to have an armature 
with three closed-circaited coils, interconnected as shown, rotate 
in one direction, we must have currents induced whose sum has 
a positive value, viz., two of the coils must do work, in the same 
sense, while the third coil is either witliout a current, or has a 
smaller current in opposite direction, so that the value still re¬ 
mains positive. For true synchronism a closed-circuited coil 
reaches within a half-period the opposite pole, and consequently 
our diagram for one revolution would look as follows: (See 
Fig. 8).‘ 

The three diagrams, a, 5, e, show the flow of currents and re¬ 
sultant poles. The closed-circuited coil 2, diagram is at this 
moment generating opposing currents to the others; coil, 1, is 
passing just in front of a pole. All three induced currents com¬ 
bined are developing poles as indicated, and rotating the armature 



Fig. 10. 


in counter-clockwise direction. The rotation being synchronous, 
diagram h shows the position of the armature when the polarity in 
the field has reversed; diagram g gives the position of the coils 
after the polarity has changed again. It will be noticed that the 
original position, as shown at a, has been reached again, and that 
the cycle will repeat itself. Without explaining these diagrams 
at this point, I wish to bring before you several other conditions, 
all of which will assist in reaching definite conclusions. Looking 
at the armature we see that it has a symmetrical winding, and as 
long as these closed circuits do not coincide with the number of 
poles of the field magnet (contrary to all synchronous motora 
built heretofore), other working positions are possible. The 
operation will take place as long as the sum of the armature 
currents have a positive value, since as far as the rotation is con¬ 
cerned it is indifferent which of the coils are doing the work. 
Let us assume that the armature does not run at a synchronous 
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rate, but at another fixed speed which may have a certain com¬ 
mensurable relation to the periods of the exciting field current, 
which speed I shall call the harmonic sjpeed. Instead of showing 
the diagram with windings as in the first set, I have simplified 
them. In the following sets of diagrams. Fig. 9, I assume that 
the armature, on account of the load or other reasons, cannot 
reach synchronism, and that at each field reversal the position 
of the armature with respect to the field is the same, only the 
coils have changed places as indicated. You will notice that in 
this set of diagrams the armature, for each half-period, makes 
one-third of a revolution only, namely, Cfils 1, 3 and 2 exchange 
positions with the change of polarity. Let us step at once to 
another speed (Fig. 10), which, you will no doubt admit as pos¬ 
sible ; viz;—^let us assume that coils 1, 2 and 3 cannot arrive at 
synchronous speed, and that coil 2 reaches the position which 1 
ought to occupy, it will he seen that owing to the symmetrical 
position, it is quite indifferent which of these coils arrives at a 
given position required for harmonic operation. This will be 
clear to you by referring to the third set of diagrams. Fig 10. 

We are now enabled to compare three sets of diagrams. Figs. 
8 , 9 and 10. The first set shows for this new type of synchron¬ 
ous motor that at synchronous speed the pole positions in the 
armature are practically stationary relatively to the coils and 
core, and rotate with it. The second set shows that during a 
complete revolution of the armature, the field has reversed three 
times, that is, an odd number of times, hence, when the arma¬ 
ture returns to its original position, after a complete revolution, 
it finds the field magnetization of reversed polarity. The mag¬ 
netic field of the armature rotates in the opposite sense, one and 
a-half times per revolution. In the third set, the armature makes 
but one-sixth of a revolution per half-period, and the magnetic 
field of the armature in a complete revolution rotates three times 
in the opposite direction. This statement may be startling, and 
my argument, so far, may not be entirely convincing, as on close 
inspection it will be found that the armature poles have to do 
considerable jumping. I will now explain the performance 
of the rotary magnetic field of this armature in a four-pole 
field, where the changes occur far more gradually, leaving no 
doubt whatever as to the assertion made. Fig. 11 shows diagrams 
illustrating synchronous speed. By the aid of these four dia¬ 
grams we can more easily follow the pole positions in the anna- 
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tiire core, and find tlicin stationary in it. lns|)ecting now Fio-. 
12 , in which the armature Hjieed is reduced, we are able to ob¬ 
tain a clear picture of the main subject under tionsideration. 

In this set of five diagrams we see five positions, which coil 
I, for instance, occupies before it has made one-third of a revolu¬ 
tion. Nevertheless, if we now look at the changing pole po-sitions 
we can readily detect that they are |)rogre.ssiveiy sliifting, and we 
also see that they have made one whole revolution and that in 
opposite <lircction to the mechanical i*otation, or in other words, 
the magnetic field would travel three times around the armature 
core during one revolution. In all armature diagrams described, 
and to be described, the resultant of the magneto-motive forces 
of the armature currents is given only. To complete the picture 
showing every one of the component inagneh>-motive forces aet- 


Fio. 11. 



Fio. 12. 


ing, it becomes desirable t<» i)lot a diagram of force (Fig. 13). 
These components act like three variable concurrent forces 
including an angle of 120 <legreeH with each other. These 
forces wo may represent as equal, for the sake of convenience, 
as it does not infiuence the idea which we wish to illustrate. 
However, those two forces which are a(;ting in the same direction 
are indicated by heavier lines. 

Plotting the direction of the forces in order, as, for instance, 
in the last named set of diagrams (Fig. 12), where the coils act 
in the order 1, 2, against 3; 3, 1, against 2, and 2, 3, against 1, 
we obtain Fig. 13 for one cycle. The three figures marked a, hy 
and c indicate the direction in which the three forces are acting 
in the thi'cc positions of one cycle or revolution. 

By drawing tlie resultant diagram of force from the predomi- 
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nating forces of each position, we obtain the accompanying 
figure (Fig. 14:). These forces form a triangle, and the rotation 
resulting, may be seen from the direction of m*rows on the cir¬ 
cumference of the surrounding circle. However, the reactive 
forces should be considered and represented separately to obtain 
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tlie true picture, and ^ve have to add them to find tlie total foi'ce 
applied, and the jiianner in which all the forces are acting. We, 
therefore, repeat the resultant diagram (Fig. 14), and add the 
opposing forces at their proper places. This diagram (Fig. i6) 
shows that the rofictive forces, shown by dotted arrows, also have 
a common center, and that as regards time of maximum effect, 
they succeed eacli other in the direction of rotation of the arma¬ 
ture, while they are acting in tlie opposite direction of the main 
force. If we now plot a diagram of these I'cactive forces alone, 
we obtain the smaller triangle shown (Fig. 15) inside the larger. 
It will be noticed that rotation is in the opposite direction; or, 
in other words, that in reality wo have, with this disposition, to 
deal with two rotary magnetic fields in opposite direction; the 
useful work done will depend on the difference of the angular 
velocity of these two rotating fields and their relative intensity. 



Looking now at the device as a generator (Fig. 12), we can 
account for the rotary magnetic field because we generate poly- 
phased currents in the coils 1, 2 and 3. They operate together 
in the following order: 1, 2 ; 3, 1; 2, 3; 1, 2, etc. If rotated, 
as sliown, the coils will distribute three-phased currents over the 
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armature, and this will be understood when examining into the 
flow of currents of the closed-circuiting conductoi*s which are 
liere provided with arrows. At this particular harmonic speed, 
it will be further noticed that tlie simple alternating field of 
force has the identical qualities as a poljpluise energizing field, 
as the poles in front of the closcd-circnited coil seem to be travel¬ 
ing (for the armature) in clochwise direction. This is indicated 
by the shading of the pole of same sign in front of the coil 
most powerfully acted upon in the five positions, representing 
one revolution for the field. The currents dis|ilaced in phiise, 
oanse the armature to rotate harmoniously with tlie alternations, 
and prevent the armature from being easily tlirown out of step. 

Eeturning once more to the earlier diagi'arns, Figs. 9 and 10, 
we see that below synchronism there are two other speeds which 
are entitled to be called synelirononB, bocniuse a ctirtain fixed rela¬ 
tion exists between the periods of field excitation and armature 
rotation. 

It will be evident that the greater the number of closed cir¬ 
cuits, the greater is the number of barnK)nie or synclironous 
speeds in which the armature can opcsratc. If the armature con¬ 
tains ten closed circuits, and rotates in atwo-poie field, it will be 
able to generate five currents, lagging 73 degrees behind one 
another in phase, and would Iiavo at letist five speeds which are 
synchronous, and the armature owing to its peculiar construc¬ 
tion, can operate at a slower speed than the syrujhronous speed 
as interpreted heretofore. 

Looking at the device from a general staiulpoint, it will bo clear 
that this particular armature coustruetion embodies all the weak 
points of a synchronous, and all tluj strong points of the poly¬ 
phase motor. The weak })oint8 are : 

1. that the machine will not start from state of rest in the form 
shown, because in Figs. 1,2, and 12, the coils act on o!ie another 
differentially and have a variable and negative value; they are in 
magnetic stability when at rest, heuee, no rotation can result. 

2 . The device has a small starting torque when rotated, owing 
to the differential action of the colls, which cause, with a small 
number of closed circuits strongly oscillating or jumping poles, 
until a harmonic speed is reached. 

8. The device when in rotation, is not reversible by simply 
«ha7igiiig circuit connections. 

The strong points are: 
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First, that the motor develops polyphased currents in its own 
windings. 

Second, that tlierefore it is more difficult to pull it out of step 
• as it has the capacity to stand, what I would term, magnetic 
slippage. 

Let us assume that a certain coil, which should reach a given 
point to mil harinonically, remains behind owing to a slower motion 
-of the armature; in this event the coil ahead has to perform the 
function at the expense of a heavier current. The loss of 
revolutions due to this action may be comparable to the slip¬ 
ping of a belt over a pulley. However, there is also a limit to 
the slippitig. The armature should have some harmonic speed 
with respect to the alternations. Should it fall below the lowest 
harmonic speed, then it will come to a standstill just like any 
-other overworked synchronous machine. 

Synchronism in a motor means nothing more nor less than a 
magnetic flexible clutch, which may be represented mechanically 
•as follows: 

The old fashioned non-starting synchronous machine having 
-equal armature coils and fleld poles, can be compared with the 
.arrangement shown in Fig, 15^, giving side view and elevation. 
The disk 1 is provided with two projections ; 2, imparts rotation 
to shaft 4 by means of the flexible arm, or spring 3, which enables 
the shaft 4 to be slightly behind or ahead of disk 1. However, 
if the work put on shaft 4 is in excess of the strength of spring 3, 
then it will break, and shaft 4 will speedily come to a standstill. 

In contrast to this older form of synchronous motors stands 
the new one, which forms the subject of this paper and the ma- 
•chines operated by bi or polyphased currents. The mechanism 
for showing magnetic coupling for these latter types may be 
represented by Fig. 155. In this case, 1 represents a crown-wheel 
the teeth marked 2; into these teeth meshes a catch 3 in a flex¬ 
ible manner, which catch is connected rigidly to shaft 4. Within 
the range of normal work, catch 3 would remain fixed between the 
two given teeth, but if the shaft 4 is overloaded, the flexibility of 
-catch 3 will cause it to yield, and pull out of its position, drop in 
between some other two teeth, aUd continue to operate but at a 
slower speed. The greater the excess of work, the greater will 
be the slippage, and the more teeth will be jumped by the catch 
3 in every revolution of disk 1. For the synchronous motor 
herein described, the overloading to the extent that it cannot reach 
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the lowest liarnioiiie speed, would he ecpiivuliMit to the In-esikiiur 
of s])riiig ^ 

It will he l•eulelnhel•ed that Prof. Ferrsiris alwuy.s, and TesJa 
sometimes ohtaiiied a rotary magmd.ie field and rotation hy in¬ 
fluencing one coil carrying a primary current, hy another at right 
angles thereto carrying se(a)ndary (mrrents. Here we have two 
plntses from a single source, Fig. 1(5. T«i oldaiii a multiple of 
phases we may ta,k(? two or three iron cores a, and snrromid them 
with coils n, like the links of a. clndn. Fig. 17, s<i that the secon¬ 
dary coil of transformer I, is tin; primary of transformer 2, and 
8 (m)h; or wo may design a. special core f(»r a transformer, and 
create a rotary magnetic field hy applying to <me coil a primary 
current from the litn*, ami to aiiothm’ coil a secomlary current 
from a transfornn-r, whereniam hy thi‘ rotary fiehl ohtsiined. 


+ 

Fi(i. 1«. p„}, 17 

polyphaseil currents may he taken through other colls on the traiia- 
fonnor. 'riieso methods have, however, one drawback, and that 
is that tlu! phase will change more or less in lag with differoneo 
in load, while for many pnrj)os(js it is most (‘ssential that for 
officient working, the idiase should remain at the same constant 
angle. This desideratum has heen accomplished by the <leviee 
undtn* consideration, and any suitable number of currents lagging 
in pluise may he obtained from a single alternating (surroiit. 

lo tt. ‘mUury nmynehti Jield in, or hy a nUitionwry hody^ 

at letM two oleotrio or detdromaynstdo fonuiH of dvj{,mte pha'ie 
rdAit’honM, (id,i,'tty at an irnyle to ons arwth&r anil ohanyiny a,t 
periodfs har'montondaf^ aro mnential'tequirmnents. 

If, howeo(ti\ we. allow the body, or part qfi/te mme, to he mim- 
aUe, we amy mhddtute nteohanmil rotation primarily as am. 
adpister of the pmodidty and phase of one if ths two forties ;• 
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the fundmuental relation heinoeen the two forces must in this 
case also le the same as in the other ; namely., they must work in 
harmony., and the perwdicity and phase of one force determines 
the periodicity and phase of the. other. If the second 
force is a current, it most be one of the same period or some 
harmonic of that period; if it is rotation, it has also to be 
synchronous or harmonic. "We can now clearly understand 
why, when rotating the armature. Figs. 1 and 2, in an ordinary 
alternating current held, we have no system of polyphased eurrent.s 
and no rotary field, simply because the armature rotation does 
not stand in any relationship whatever to the alternations; but 
as soon as the speed does so, there are generated polyphased cur¬ 
rents lagging in phase at a fixed angle, and a rotary magnetic 
field. 

There is a difference whether the armature is influenced by a 
single alternating current, or by several, causing themselves a 
rotating energizing fleld. E’evertheless, in either condition the 
armature is in magnetic stability, and this state is the reason that 
it remains stationary in the first case, and that it rotates in the 
second. The reason that the motor starts in the second case is 
evidently because the inducing magnetic field is itself rotating in 
the stationary field magnet core. As said before, it is considered 
necessary for the proper operation of the armature for giving 
miaxirnum torque, that if placed in an alternating current field of 
force, the armature rotation should have a definite relation to the 
alternations. Up to the publication of this device some three» 
years ago, synchronous motors had as many armature coils as field 
coils, and hence to obtain the value of the synchronous speed, alt 
that was necessary was to divide the alternations of the armature 
current n by the number of field poles ^ of the magnet employed. 
But if the number of armature coils are not the same as the field 
poles, then the speed may vary from this synchronous speed, and 
a modification is thought to be necessary. We would have to 
find the smallest common factor between field poles^ and arma¬ 
ture coils p^ with which we have to divide the number of alter¬ 
nations to obtain the value of the lowest synchronous speed while 
the condition of slippage may allow for the lowest harmonic, the 

value 

VP 

It will now be clear that motors can be designed having any 
desired variation of speed, and have defined synchronous speeds or 
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approach the indifferent relation. 1 wish it understood, that I 
do not intend to treat the subject in all its details, and I*am es¬ 
pecially reluctant on the ground of having carried on but few 
experiments. 

The few diagrams presented do not disclose many conditions of 
tliose possil)le. They show only one or two facts of conditions 
which froqnently are of a complex nature. Evidently, tlie rotary 
magnetic fields in the device under consideration may have alto- 
gethei different speeds from those shown in the diagrams j also 
that the magnetic field may rotate with and ahead of thcannature’ 
and lastly, the speed of rotation of the rotary field of the armature 
may he synchronons, and opposite in direction to its rotation. 

The device lias been given in form of a diagram, and as it has 
been described as not self-starting, I wish now to state that it be- 



• Fia.'ia. 

comes self-starting as a series, a shunt or an induction motor in a, 
field of single jdiase oi* polyi)lniHed alternating curi'ents. Fig. 18, 
repiesentH one of the earliest forms winch have since been sim- 
plified to a considerable extent. The part a n, represents here a 
simpleseries motor whose armature n may bo any drum or ring 
type, open or closed coil winding; the ]mrt o n, may be similarly 
constructed. Jfoth armature windings n and naro connected elec¬ 
trically by 4 wires E at points of equal distance, which number of 
conductors k, may be reduced or increased, depending on the, 
number of phase currents desired. Now send an alternating cui*- 
rent into the series motor, part A n\ then the armature will start 
from state of rest, and will send current impulses into the n part 
winding, which becomes the more regular the more the armature 
1. Profisrably so that no rouction takas place from part n. 
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has approached synchronous speed, where bi-phase currents will 
be established therein; these react on the field magnet core o, and 
for the purpose of maintaining the armature in this synchronous 
speed, the commutator f is |^applied to rectify the polyphase 
currents; which continuous current may be used to energize the 
magnet o. 

The fundamental principle disclosed, opens to us a very wide 
field for work. Not only are we enabled to construct motors 
almost as cheap and simple as continuous current motors, but 
there is in this principle involved the germ for the ideal distribu¬ 
tion of power, inasmuch as we are enabled to collect the poly- 
phased currents generated, or commutate them immediately at 
will. 

Finally I wish to call your attention to the fact, that the last 
figure is in reality a motor-generator, and it is therefore evident 
that the electrical energy supplied need not all to be transformed 
into mechanical power, but that a portion may be utilized in one 
of the modified forms named above. 
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Disoqssion m I^ew Yoek. 

Db. M. I. PiiriN The author states in the introduction that 
his paper contains a discussion of a metiiod of g-eneratine a ro¬ 
tary magnetic held by a single alternating current without con¬ 
densers or chokiiig coils, and its application to the constrnedon 
of single phase alternating current induction motors 
Figs. 1 and 2 show diagrammatically the principle of the devices. 
An armature core, uniformly wound with wire and the winding 
divided into a number of closed sections, preferably equal to each 
other, but m such a way that the number of these'sections is not 
equal to the number o^ poles of the exciting held. The held is 
an a^ernaw held /igs. 4 and^ 6 illustfate wliat the autLr 
calls the stahU and the positions of magnetic equilibrium 

of a coil in an alternating held. In the hrst jhaee a slight dis¬ 
placement ot the armature would cause it to oscillate afeut the 
line of symmetry between the two poles. In the second cSe 
such a displacement would cause the armature to hop oZ^d 
rotate toward the position of stable equilibrium. An armatare 
windiug^ as that in Fm 2 has also a position of stable mSe 
equilibrium about which it will oscillate if slightly displaced So 
for instance the position represented in Fi|. 2*^ is an unable 
position A mechanical impulse will start thl armature to Se 
toward the position of stable equilibrium, and during its iournev 
toward that position it will be also acted upon by the repulsive force 
altm-natiug held and the aiunatiire current induced 
.JJ*“ature, therefore, reaches the position of 
stable equilibrium with a certain amount of kinetic energy which 
18 equal to the energy of the mechanical impulse imparted to it 
and the work done upon it by the repulsive force. With this 
stored up energy, the amiature is enabled to continue its journey 
beyrond the position of stable magnetic equilibrium although from 
this point on. It has to move ag^ainst the electromagnetic forces, 
at the expense of Its kinehc energy. How far it will continue 
this joiu-ney wdl depend entirely on the kinetic eneigy with 
winch It sta.rted from the unstable position, how much was 
done upon it by the variable held during its journey from The 
ansteble to the stable position, and at whS rate^ it has^to ex,«nd 
Its kinetic energy after passing this position. ' 

Three cases must be carefully distinguished • 

The armatare amyra at the position of stable mairnetie 
equilibrium with kinetic energy ftan the amount i-oqu^d to 
carry It beyond this position and up to the next position of nn- 
rtable magnetic eqnihbnum. In this case it will osciUate about 
the stable position and be finally reduced to rest 
2d. The armature arrives at the position of stable magnetic 
equihbnuin with enough lanetic energy to carry it beyond this 
positum ^d to the next position of unstable magnetic equilib- 
num, but unfortunately it arrives there with less kinetic ekrgy 
than It had in parting from the preceding unstable portion. In 




1814.1 


jtfsaussiojY IN jymv york. 


847 


this case il will gciienillv (Miiitimic to rotate several times around, 
and he tinnlly reduced to rest. 

;}d. The tiiird |)ossil)le case is the most important »me and forms 
the o-ronndworlc on which Mr. (Jntmainn proposes to raise a new 
system of electrical distrihution. It is this: Suppose the jirma- 
tnre reeeivtis fivnn some extermil source a certain initial speed, 
a.n<l is then left to take (^are of itself. Suppose, aj^a-in that tins 
speed is smdi that the kinetic eneri^y with which the armature 
pW‘s thnm^di a position of staide Vnao'iietic. ecpiilihriuni is con- 
siderahly nmre than necessary to carry it to the next po.sitioii of 
unstahltWapiilihrimn, sothat the armature reaches this position 
with more kinetic* omu'cry than it had when it left the last position 
of iinsta.l)le ecpnlihrinm. It is evident that in this ease the arma¬ 
ture will not only continue to rotate, hut that it will rotate with 

* . • I • . ••.♦1 lil. 


continuously increasiiii^ angular velocity. 'Phis initial speed the 
author calls the .sycvv/. 

The (]uestiou a,rises now, how long will this eontiniial increase 
in angular vidoeity g<) on ^ hividently until synchronism is 
reacli'ed, tlial is if tlie armature <h»e.s' no appreeiuhle external 
work during its rotation. In a hipolar iiiaehme witli three arma¬ 
ture coils, tlu! synehroiious r«»tat.ion is illustrated in diagrams Mg. 
.S. During one reversal of the iield the ai‘inatu;re has movetl 
through HO that the triaiigh* 1, ii, Jl, in u has its sides par¬ 

allel to the triangle 1, ‘i, in a. During the next reversal the 
armature has reacluul its initial position u^ain, as given in o. l»nt 
if tiie armature cannot reach synchromsm on account of the 
external load, <»r «ni account ot too large trietioiial resistances, 
then the l)(‘at it <^uri <h» is to rotate at some other lower hut cou- 


.staiit sjieed, ami the (juestion arises, is any other sjieed jiossible^ 
'Phe answer is in the alfirmativts for if you look at Mg. ‘d yon 
will see that if the speed of the armature under coiisidcratiou is 
.siieli that it will <arry the armature through one-third of tliecir- 
cumferenee during one reversal nf the field, that the armature can 
*«•(> on rotating at this constant speed. This speed Mr, CTutiriann 
Sills himtumw speed. Another harmonic speed is illustrated in 
Fig. 10. Here the armatnn^ passes throii^gh one-sixth of the 
eircumfereiiee during one reversal of the held, so that <hii*iiig 
three reversals of the held the armature has gone through one- 
half revolution. The possible speeds of this armature are, there¬ 
fore, 1, or 2, or h revolntioiis for the time interval corresponding 
to three complete periods of the exciting Held. We can now 

generalize ns follows: , • i 

An armature containing coils will have n hannom-ti Kpeeas^ 
that is to say, it can rotate 1, 2, <5, . . . vi times during the 

time interval coiTesponding-to n complete periods of the exciting 
current. But it must he remembered that for a given ^ value ot 
the impressed electromotive force and a given mechanical torcc 
acting on the shaft of the armature there is, according to the 
Pnnciplc of Oonservation of Energy, only one speed at which 
the armature can rotate nnifonnly, and if that speed is below the 
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lowest lianiioiiic sjjoed, the uniisiture will stoi). We enn say 
tlierefore, that the erith'al speed is e(|ual to tlie lowest liannonic 
speed. If the lowest haniioirie speed should be too hitdi for 
pmctieal workijiijr, we ean evidi'iiMy reduee it to any |>mctieal 
limit by usiiiir a multipolar Held, as'an iiis)»eetioM of FW 11 and 
12 will show. 


There is another way in which the forces jictiiii^ b(‘tweeii the 
Held and the armature can be pointed out, and that is, by pointimr 
ont the resictions between the exciting alternating Held and the 
magnetic lield i)rodnced hy the iminced currents in the armature. 
It does md. make the snhjectany clearer, and I shall consider it 
in so far only as necessary to bring <mt a rather interestim*- fact 
Consider the armature in Fig. 2. ‘ Suppose W(^ had one closed* 
coil only, covering 1 /wth part of the armature, and suppose, also 
that the Held is constant. If the armature is rotated, an alterna’ 
ting current is generated in it, whose freijuoncy is tMpial to the 
fre(iuency of rotation of the armatmr. If, hoknmr, while the 
armature is rotating uniformly, the Hehlaltei-nates uniformly also 
then two alternating currents an;generated in the coil, one wliose 
frequency is tupial to the sum of the fre<piencies of the armature 
and Hehl, and the other whose fre<pu?n(;v is e(jual to the differ¬ 
ence of these two frecpiencies. The current of lower freiiuency 
has a smaller amplitude than the one of the higher. Its ampli- 
tilde is /.cro when the Held and the armature are in synchronism 
and thou the freouency of the other is eipial to twice the fre- 
(piency of the Held. If now we cover tli(3 whole armature with 
u equal short-circuited coils hy simply c.onnecting,as Mr.dutmann 
<ioes in Fig. 2, n successive eijuidistiuit points to each other we 
shall then have n pairs of alternating (;ur!e?its(lilferingfroui each 
other in phase by l/?ith of the jieriod. ^I'liey will, therefore oive 
thooroti(;ally, two rotary inagnetic Helds. One riitating withTfro- 
qnency equal to the sum of llie frequcmciesof thearmature rotation 
and tliefrequeiKjy of the alternating Held, and the other rotating 
vyith a frmpicney equal to the dilfereuceof these two frequencies. 
At synchronism^ the slower rotary Held vanishes, and'the speedier 
rotutoH with twice the angular Velocity of the armatuii. Mr’ 
(iutmauu evidently neglects the slowly rotating Held, and he may 
be right. Hut, however that may he,”it is certuiiily plain tliat a 
rotary magnetii; field is established liy Mr. (lutinann’s device,, 
and that we could obtain hy a suitable arrangement polypliase 
currents from such armatures. Jt is also plain that such a motor 
could lie employed as a motor generator, '^riiese apjiear to me 
to he the novel features of Mr. Gutmaun’s proposition. The 
proposition is certainly interesting. Let us hope -that Mr. Gut- 
mann will sfion succeed in [iroving its practical value, 

Thk FiiKHinKNT:~»-Gent;lomen, you have heard Dr. Pupin’s 
able exposition of this paper. It is now open for discussion. 
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Mit. Woi.O(yn’:—I would like to ask one or two questions. On 
pajijc 841 it says the motor allows magnetic slippage; in other 
woi’ds, it worlcH like an ordinary induction motor. In an ordinary 
induction motor, in synchronism, the torque is zero, or at all 
events, it is niinimnm. 11 is the same here. Put on aload and get 
the armature running at a little slower speed than synelironisin, the 
polypliase principle begins—the current induced in the armature 
makes the pull strongei*. Well, if I understand the thing, that 
is also true of the harmonic speeds. Therefore, starting from the 
synclironous speed, d)*oi>ping down to the first harmonic speed, 
there must be a point where, after there is a certain amount of 
slip, it drops suddenly to the harmonic speed, because if the har¬ 
monic speed works in that respect like a synchronous speed, there 
jnust be a tendency either side of it to aj^proach it. Tliat is, if 
you are going a little faster than the harmonic speed, the ten¬ 
dency is to pull down, ami as you go slowei* again the tendency 
would be to bring it up again. Is that correct? 

Dk. PuriN :—I don’t think so. 

Mu. WoLoorr:—AVoiild the toivpie go on increasing infinitely? 

Dr. Pui'iN:—N o, be(.*ause as the armature increases its angular 
velocity the ton[ue varies; it may diminish. The torque must 
have a’certain value, otherwise it is not able to overcome the 
mechanical pull on the shaft. 

Mr. Wouxrrr:—That is very true. But, if I understand this 
motor, it has two He])arate coniponents. That is, it works like 
the ordinary synchronous motor, and then, in addition, it works 
like the poly phase motor—induction motor. 

Dr. PuriW:—Yes, that is right. 

Mr. WoLGorr:—(Considering the portion of the torque which 
is due to the synchronous action, the instant you get out of 
synchronism, as'with an ordinary synchronous motor, it stops. 

Dr. Pupin :—Hot quite so. 

Mr. WoLoorr:—How with this one, as soon as you pt out of 
absolute synchronism, then you deiiend on tlie induced currents, 
in the armature. 

Dr. Pupm :—The'pull between the armature and held, changes- 
rather suddenly; that is, it is a sort of harmonically varying 
function. 

Mr. WoLGorrAs the speed lags a little, the torque increases,, 
does it not ? 

Dr. Pupin:—N ot necessarily. 

Mr. WoLcorr:—It does not do the work of an induction 
motor then ? If it does not do that it seems to me that it is no 


good. 


Dr. Pupin It has a fair torque at definite speeds only. 

Mr. Woncorr;—The author says it allows similar magnetic 


slippage. 

Dr. Pupin Magnetic slippage from the synchronous speed 
to the next harmonic speed, and then to the next and next, and 
so on. It does not allow a gradual slippage. 
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Mr. Wolcott : —I understand the author to say that it works 
like a polyphase motor. 

Dr. Pupir In the sense that it has more than one speed at 
which it can work. It can work at two or three speeds, practi¬ 
cally any number of speeds, if you increase the number of sections 
in the armature. 

Mb. Kennelly:— If I undemtand the paper correctly, there 
are certain speeds called harmonic speeds at which the torque is a 
maximum. In the polyphase motor at certain speeds the torque 
is zero. So that this action is different altogetlier from the 
action of a polyphase motor. 

Dr. Pupin :—That is ray idea of it. 

Mb. Wolcott :—On page 841 he says: “ Second, tliat therefore 
“ it is more difficult to pull it out of step, as it has the capacity to 
“ stand what I would term magnetic slipp^e.” If that means 
anything it means that if you pull it a little out of step the 
torque increases. If the torque does not increase, I do not see 
how it is any more difficult to pull out of step than the ordinary 
synchronous motor. 

Dr. Pupin: —Because, if you pull it qut of one step you get 
it into another. 

Mr. WoLcorr:—That may be what the author means, but if it 
is, I think that is a very poor foundation for his claim. 

Dr. Pupin :-^It has* several chances ; whereas the ordinary 
synchonous motor has only one. 

Dr. Samuel Sheldon :—I wish to say a word in reference to 
the currents generated in the different coils upon the ring of tlie 
armature. Suppose the armature to rotate n times in a second 
in a constant held of unit strength. At any instant of time 
the electromotive force generated in a single coil would be 
proportional to the sine 2 vent If the aimature remain at rest 
and the bipolar field should alternate harmonically n' times per 
second, the electromotive force generated would be proportional 
to sine 2 n n't. If now the armature should rotate and, at the 
same time, the field should alternate, the electromotive force 
produced would be proportional to the sine of nt times the 
sine of 2 ;r n! t. Suppose the armature to rotate at that harmonic 
speed which makes the ratio of n to as 2 to 3. The graphic 
combination of two sine curv'es of these frequencies yields a third 
curve, which represents the time change of electromotive force 
generated in the coil. In this case there is a succession of alter¬ 
nations at two different frequencies. One complete alternation 
at a certain frequency is followed by another complete alterna¬ 
tion at twice that frequency. I, do not know what mechanical 
action would result from this. 

Dr. Pupin :— ^I suspected the difficulty which Dr. Sheldon 
mentions. The two currents are of un^uaJ amplitude, Tlie 
one of lower frequency has a smaller amplitude than the one of 
higher frequency, and Mr. Grutraann seems to rely for the total 
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action upon the quicker held. AVliereas, reality, when you have 
two alternating currents of unequal frequencies, and they are 
mao'netmng iron, then although the current of lower frequency 
may have a smaller ami)litnde, it may prodiute a stronger magnetic 
eifect than the other current whic.li lias a higher frecjuency and 
lar<>-er amplitude and weaken considerahly its magnetic effect. 
That may give Mr. (Tutmann some difficulty. I inust confess, 
however, that 1 liavt^ not o.vamined the proposition thoroughly 
enough to speak with much deffniteness. 

Tuk J^rksidknt: —Is there any other discussion of this paper? 

It may interest the iuend)ei‘s’of the Instttutk to know that 
( Vnincil this afternoon took ail action wdiich resulted in the ap- 
iioiutmcnt of a committee consisting of Prof. Crocker as Chair¬ 
man, Prof. Ivenuelly, Mr. Caldwell, Mr. Stine and Ih-of. Shejv 
ardson to discuss and formulate a plan to determine whether or 
not it is advisalile for the Institute to undertake the indexing of 
electrical literature. This grew out of the discussion which 
yon rememher we had at our last meeting here. I do not know 
wliether the Instcitite would care to discuss tlie matter prior to 
the work of the committee. This committee is charged with the 
duty of determining whether such a thing is desirable, and second 
if it be desirable, to formulate a plan ac.cording to which it can 
beet be carried out. 

I Adjourned.] 


Discussion in Ciiioaoo. 

A meeting of the Western members of the iNSTrruTK was field 
in Armour Institute on December Iff. The meeting was called 
to order by Mr. Arnold, about thirty-live members and visitors 
being i)reaent. Mr. L. L. vSiimmers was appointed Chairman, 

Mr. (lutnianii’s paper was read in detail by the author. 

Mr. Cari. K. MAuFAimnN:—I have had the good fortune 
to witness a numher of experiments that have heen made 
on this system, and I won hr say that in this new plan, as is 
stated in'the last danse of this pa[)er, it will ffnd a wide 
field of application. As far as 1 know there is no inetliod of ob¬ 
taining polyphased currents in any manner which will ensure 
a deiinite relation between the phasos of the currents. The 
method here shown for getting a direct current from a single 
phase alternating current through a single machine is undoubt¬ 
edly of great value. One of the drawbacks to tlie distribution 
of alternating ciiiTent for power is the necessity for having moTO 
than two wires, and having special generators for furnishing such 
a current. If our simple single-pliase apparatus could be used, 
and a current obtained whicli might then be converted into poly¬ 
phase or direct currents, I tliinlc tlfat we would find it very 
desirable. „ .... 

Mb. L. L. Summebb In the rotary transfonner it is evident 




853 


f}UTMANN ON UOTAltY AfAGNKTlO MIHLIJS. [Dec. 1», 


that as tlio motor has sevoral spoods, tho dynamo end, if used to 
develo]i polvjdiase (tiirrents, would be liahle to fnrnisli currents 
of variahlc fre((uen<ry imder variable load. The (piostiou of the 
efficiency of the motor, which is a. most important otie, would 
seem to de])end upon the ma|j;nitnde of the opposin'*- forc,es which 
are represented in trian^^ular liii^nres. I sluudd like to jisk Mr. 
(Tiitmann what the efficiemw would pndmhly he in pra<*.tice. 

Mu. (tutmann: —In a nndor it is desirahlc to liave several 
speeds or many speeds chani»;ini'- ^-radnally. This characteristie 
is however not essiintial or even desirahle in a rotary transformer, 
especially if j)oly [ihased JMirrents are to he distrihnted. VV^e would 
select an armature construction which woidd have the tendency of 
retaininjjf a lixe<l speed, and which is not easily thrown out of 
step, so that the fre(piency of the polyphased currents would 
remain constant. 

The efficiency of the motor <lepends entirely on the construc¬ 
tion of the armature, and also on the field. This shoidd not he 
judged by the diagram, which is simply a convenient mode of 
dlustrating the i(h*a. It is of course understood that in any 
motor the internal waste of energy should be reduced to 'a 
minimum, and in the [jresent cast; in jiroper machines the reac¬ 
tive force can be made very small. 

M u. M acFadokn :—()ne of the most interesting feature of this 
system to me, is the motho<l of obtaining poly]>hased currents 
of any number cd' [)haseH fnun a single ])has(‘ altertuiting cur¬ 
rent, a single armature and a single wiiKling. From a second 
winding a direct curi*ent might 1x5 obtained. Mr. (lutmann 
has suggested that the whole thing can b(< done in one urinatnre, 
which I understand would not ho a difficult matter to design. 
The primnple involved is one that I think is applicalde to almost 
all classes of alternating w(U‘k, and I see many advantages in it 
from my way of looking at it that are not possessed by anypoly- 
phasetl system. 

Mu. SuMMKus-In a rotary transformer for obtaining direct 
currents there would also seem to be drawbacks, for if an in¬ 
creased load were [)ut upon the secondary, it would of coui'se 
load the motor, and if this load is greater tlian the motor will 
carry at synchronous speed it would immediately drop to an 
harmonic 8[)oed, and if no system of compensating for the de¬ 
creased speed is used, the motor would of course remain at this 
speed without difficulty as the power required would be loss, and 
the torque at an harmonic speed would naturally be greater than 
at a synchronous speed, providing the power* developed is the 
same. This decrease of speed of course causes a decreased out¬ 
put from the secondary. But suppose a method of compensating 
for this decrease he obtained, the load would not tlien be dimin¬ 
ished by the decreased speed, and nnless the motor is capable of 
delivering an increased power at the lower speeds, it would 
behave like an overloaded synchronous motor. What advantage 
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would there he, Mr. Guttuami, in using this transformer say in 
place of a self-starting single phase machine connected with a 
direct current dynamo ? 

Mr. (tutma.nn :—A system of compensation may he adopted, 
as for instance, tlie placing of the field magnet c in series with, 
the line, which would by its increased strength on increased load 
anjjcriinpose an i<5, m. v. on the armature conductors, compensa¬ 
ting for the decreased speed. As regards a synchronous motor 
driving a direct current macliine of any size, it will be clear that 
a third machine must be used for starting the synchronous motor, 
or at least some complicated devices, such as condensers, reactive 
coils or the like. This complicates a system considerably, and I 
think a self-contained device will at all times be preferred. Thk 
advantage will he appreciated for instance, if we wish to supply 
continuous currents for long distance railway transmissions, over¬ 
coming the distance by high potential alternating currents. The 
sul)-8tation8 w<,mld each contain but a single rotary transformer, 
while with the former disposition, a starting device, a synchron¬ 
ous motor and a continuous current generator, or three separate 
macliines, would be re<mired to reifiace the motor generator. 

The Ciiaiuman: —We have heard an interesting paper this 
evening, dealing with a subject of great practical importance. I 
think we all regret that Mr. (Tutmann has been dnable, or rather 
unprepared, to furnish data which would enable a comparison to 
he made with the present methods in vogue, both as to practi- 
<‘,ahillt3j and ctliciency. 

1 Adjourned.) 


I COMMUNmATIOEH KeOKIVED AFrKU ADJOURNMENT.] 

Prof. Ei.mu Tnomoif : : In the winter of 

1887 -88, 1 made an alternating current motor for single phase 
currents having a ])air of single phase energizing coils surrounding 
the revolving iron mass, upon which latter three coils were wound 
as is the ordinary three-coil winding of a Thomson-Houston arc 
dynamo. This machine with its three coils closed, was without 
starting tor<nie, and was tlierefore provided with a commutator 
which shortrcircuited the coils while in proper position succes¬ 
sively. This gave the desired starting torque. It was found that 
the coils after startitig could l)o short-circuited and the commute- 
tor dispensed with. So far as I am aware this machine dif¬ 
fered in no essential particular from Mr. Gutmanu s, Figs. 1 and 2 
of wliich disposition he evidently believed himself the originator, 
lie refers to such machines as “ having a small starting torque 

trhm rotatedJ* , .., „ 

Surely a torque exhibited only after rotation is given, is not a 

^tartinq torque, tbough it may be an accelerating torque, pro¬ 
vided there is little friction and no load. 

it is not unusual for single phase induction motors to exhibit 
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such accelerating torquG, and I have made many of them in which 
the relations of windings were very different from those referred 
to by Mr. Gntmann which gave similar results as the author 
points out. Such machines will not, of course, start from a state 
of rest unless some modification of the structure or its mode of 
operation be made with the purpose of securing starting torque. 
Some of such methods give starting torque quite comparable with 
the torque exhibited, while running under full load. 

It has been, and is the practice of the General Electric Company 
to construct both polyphase and single phase induction motors 
with a three-coil winding on the induced or revolving part, kept 
on closed circuit through a resistance at the start, and on short- 
circuit at speed. Mr. Gutmaiin claims as a point of novelty 
in his described apparatus, “ that the closed circuits do not 
coincide in number with the poles of the field magnet.” My 
original machine, which, by the way, has been described in pub¬ 
lications and patents, had two poles and three closed armature 
coils. This has not been novel since 1888. 

The apparatus which Mr. Gutniann alludes to in connection with 
his Fig. 18, seems complicated. Involving, as it does, two com¬ 
mutators, one of them directly in the alternating current supply 
circuit, it would hardly appear to present any advantages over 
the motor generators, noiv well-known in the art, which receive 
alternating currents of single or polyphased cliaracter and com¬ 
mute them into continuous currents by the inevitable single com¬ 
mutator. 

Mr. Ludwig Gutmann {oommuniGuted): —Noticing that the 
discussion in Chicago is incomplete and that in New York calls for 
a reply containing similar statements, I have condensed the two 
in order to answer the questions of several members in the East. 

I wish to express at this place my thanks to Professor Pupin 
for his able exposition of the paper. The differences which, 
however, exist between a few of his views expressed in the dis¬ 
cussion, and my own, are due mainly to his strict adherence to the 
armature diagrams. Figs. 1 and 2, and this adherence, while cor¬ 
rect, is caused no doubt by the omission of certain parts which 
were left out with a view of shortening the already lengthy paper. 

I wish to remark further that these armature diagrams were 
selected on account of the simplicity which they admit in pre¬ 
senting the various actions and results of each winding or coil, 
while for efficient working a number of other dispositions would 
suggest themselves. 

Mr. Wolcott has grasped the situation. The qualities wliich 
are shown aroimd the synchronous speed are repeated at the 
harmonic speeds, which are positions of torque and not dead 
points, as Mr. Kennelly has assumed. Near synchronism, or at 
the harmonic speeds, the armature is in stability, and it takes 
power to pull it out of step; however, when the speed is chang- 
ing from a given speed into another, the armature is temporarily 
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ill instability until the current has adjusted itself to the new speed- 
Both Mr. Wolcott and Dr. Pupin are correct in their assump¬ 
tions, inasmuch as the motor can either be synchronous or prac¬ 
tically so-called non-synchronous. This will be clear if we select, 
for instance, Professor Ferraris’ cylinder armature. (See Fig. 
19.) TMiis cylinder, disk or drum has in all positions a sym¬ 
metrical relation to the energizing field, and the same magnetic 
resistance to the lines of force of the field contrary to Fi^. 1 
and 2. Therefore, it may be considered in step at any speed and 
in any [losition. This is caused by the continuity of the conduc¬ 
tor in tlie direction of rotation, which allows the greatest possible 
slippage, owing to the absence of strongly defined poles, and the 
armature may come to rest in any position in the energized field. 
Sucli an armature can rotate at* any desired speed which in a 
given energizing field depends on the load. The greater the 
kiad, the smaller the speed, and the greater becomes the amount 
of energy wasted in the latter by heating. Figs. 1 and 2 show 
a few interconnectc<l coils, while the Ferraris armature repre- 
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sents one of an infinite number of closed coils.^ The former 
devcloiis strongly defined poles at given points, and_ no¬ 
where else, while the cylinder will produce weak poles at any 
given point of its circumference. The armature, Ing. i, 
will, therefore, rotate at certain fixed speeds and not at pother, 
half way between any of the former. Between 
trenie cisos belong those types with any other 
cironitB which may be designed for other speeds, changing ab- 
riintlv or gradually. The greater the uumber of armature Qon- 
duetore oi^coils the sinnlier will he the difference of change from 

""S'^remarteVfUre. Papin and Sheldon rerording the action 
of the slower «old are very pertinent. 

may beoemo detrimental in some machines; X 

lias been recognized at an early stage. To 

efficient, -reactive forces slioiild te as ^all as 

can be redneed to a few per cent, of the mam force m maolnnea 

of this type. 
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In reply to Professor Thomson I wish to say that the comm a- 
nication regarding his motor constructioD is something new to 
me. Looking over a number of references relating to the 
Professor’s motors, I have failed to find an armature with 
■closed sub-circuits, which has been used since 1891, especially 
in polyphase work. Had I known that I would raise a ques¬ 
tion of priority, 1 would have carefully avoided ir. Should I 
be mistaKen in this matter, and it be found that the devices are 
identical, which question is an open one, I would only be too 
glad to repair the error. The criticism regards “starting 
torque ” is correct, accelerating torque is the proper term. 

The practice of the General Electric Company is widely known, 
and while I have read of their polyphase and so-called monocyclic 
systems, 1 must confess that I have not heard or read anything 
in technical journals regarding the single phase motors and their 
installations,’ except peraaps the fan motor, the outside of which 
was described last year. Had the power motors given the desired 
results, I do not understand the unnecessary expense of the crea¬ 
tion of the monocyclic system within the last six months. It 
may be contended that a motor with a commutator is objection¬ 
able, but I believe the necessity of a special generator and an 
additional conductor is still more objectionable. I hope Professor 
Thomson will pardon my ignorance of this practice of the General 
Electric Company as regards their single phase motors, which 
are no doubt motors operated on the ordinary two-wire circuits, 
if I understand correctly. 

I fully agree with Professor Thomson that Fig. 18 would be 
for many cases a complicated machine, and I have tried to pre¬ 
vent the raising of this objection by stating that the device has 
been simplified to a considerable extent. It was not the object 
to show these devices up to date, but to show that the ordinary 
single phase alternating current can be split up at any point into 
any number of phases lagging at a constant angle, wnich, to my 
knowledge, has not been done heretofore, and secondly, that a 
constant current can also be produced by such a machine, also at 
any point of the ordinary circuit. The state of the art has been, 
as far as I am aware, to commutate a single alternating current 
into a pulsatory one by means of a commutator rotated syn¬ 
chronously, or by leading into a motor generator bi or poly- 
phased currents and commutating these into continuous currents. 
However,, neither the method of changing a single alternating 
current into a continuous current, “now well known in iiie 
art,” to which Professor Thomson refers, nor the machine ac¬ 
complishing it, are known to me. 
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luvestij^n.tions into the cliaractoristicK of electrolytic corrosion 
of uiulcrgroiuul metal work by the earth return currents of elec¬ 
tric railway circuits, and the’methods suggested for remedying 
tlm troubles therefrom, lead to the conclusion that the problem of 
electrolytic corrosion and of rail-bonding electric railways may 
best be considered conjoiidly, for in the solution of one, may be 
found that of the other. Tlie conditions of the many electric 
railway systems 1 have e.xainiTied on the Pacific Coast, demonstiate 
that in such roads electrolytic corrosion is evidenced when the 
return circuit is in one or more of the several conditions soon to 
1)C (Icscril)O(l. 

As explanatory of the terins used, the word “ main ’ refem to 
the water main, gas main, Kdison tube, telejdione or telegiapli 
cable, or the other underground metal structure that may be a^ 
fected. In compound words consisting of two nouns connected 
by the preposition “to,” a noun appearing first indicates tiuit it 
represents a positive polarity, as in the ex|)ression “ main to-track- 
bonding,” the bonding is between a positive main and a nej^tive 
track. Conversely, “track-to-dynamo-bonding” indicates that a 
track having a positive polarity is bonded to tlie negative side ot 
tlie dynamo. All generators are assumed to feed positive to line. 
By “cross-bonding” is meant the bonding between mam and 
track without reference to the polarity of either. 

'The several conditions referred to as causing electrolysis, and 

which descrilic actual cases, are as follows; 

1 . When the track conductivity is low. . . ^ • 

2 . When the track is bonded with various points ot mams 
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without regard to tlie polarity of the rnaiii or track, and is poorly 
bonded or not bonded with tin; negative of the dynamo. 

o. When mains connect ont; portion of a track to a distant por¬ 
tion, there lK;in«;^ no proj)er cross-boinlinij;. 

4. When the mains show j)ositive potentials at one or more 
locations, there heinuf no main-betiwk or main-to <lynamo hoiid- 
inj*; at such points. 

The prece<linj»; pr(;s(int the <»rdinary conditions condm ive to 
aggravattsl f<»rms <d' elects>lysis, all of which may he summed up, 
though less distinctively in the single (hn'kiration that cwvym^/w 
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f'ltictrof i/kIh o(uuifK when a. main sho'im a jxmitlm jndenl/ial. at 
d'ny ixd/if, without proper niadn-todrark or mamdo-dynamo 
fumdtwf. 

5. When the track is not bonded to main or dynamo, there- 
being only main-l:o-dynamo bonding. 

Tills case is signmeant in that it exhibits an electric railway 
system wdiich shows unusual considerations for the interests of a 
water company, to the material detriment of the coal ])ile of the 
former. 

(I. When the track is intimately cross-bonded with mains 
throughout, without reganl to the polarity of either main or* 
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track, there hoiiig i»o truek-to-dynanio or luain-to-dynaino bond- 
iiitr, and ground plates only being used. 

*Tbe iiuportaiiee, not to say enornuty, of Case 6, ifi shown in a 
veinarkable example of corrosive eleetrolysis tliat was uncovered 
in the writer’s presenc-e. In a certain ligl'iting and power station 
situated olf the liiu^ of tlie railway system, an earth return was 
used exclnsivelv, in order to avoid'tbe expense of carrying nega¬ 
tive feeders ou't to the track. Ordinary ground plates proving 
inadeiiuate, a two in. iron pipe with a No. UOOO wire inside, was 
driven to a depth of about ten feet to the water line under the 
station, and a second No. wire was earrieil out to the river 



PlO. Irt. 


several hundred feet ilistantand sunk, with some feet of bare 

wire attacJied. This being still imidc.iuate, a No.d OCO wire wim- 

attached to a six in. water mam mmung into the iivu, and 

wliieh was independent from the city maiiiB, 

were obtained. The method of cross-bonding 

niiig # in. tinned brass plugs into the cast-iron water luaiii at 

intei-valsof UiuO feet over the entire system, h our strands cd 

No. 4 wire or two strands of No. 0 wire were used in 

bonding. These wires were soldered to the 

bonded into the rails after the usual manner. In making alteia 

tions in the power-house last snininer it was deemed advisable .o 
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lower the lieij^^ht of uii engine wliicli rested upon a foundation 
probably IT) feet deep, the foundation eonsisting of one part of 
Poi'tlaiid cement to three parts of clean sand and five parts of 
broken stone. Tlie engine was ladted down to this by means of 
aiK 2 in. bolts, each about 4 feet long, each bolt being sulphur 
centered in a 2 in. iron ])i])e, 44 feet long, the pipe being set in 
the cement, the bolts in-ojecting above. Tlie whole foundation 
top was Hushed with ^ in. of snlj)liur, upon which the engine 
was placed. Upon removing the engine and chiseling off 8 in 
of conm'cte it was found thnt four bolts wore in prime condition 
The fifth bolt which was out of the ])ipe center because of hivin^ 
l)een bent, was corr»)ded on the side nearest the pipe to a deptS 
of approximately j: in., while the iron it had lost was deposited 
in the form of a sulphide upon the inner side of this pipe. Figs 
I, la, show the condition of the sixth bolt as it was taken froiti 
the concrete. Parts of the interior of the pipe hear the familiar 
marks of eleetrolytic pitting, probably oeeasioned at a time when 
negative was fed to line. The fact’ tliat the holt was entirely 
eorrodtd through is evident, as is the further fact that the iron 
taken from the holt is deposited upon the inside of the pipe 
riu! photograiihs clearly show streaks or veins of impurities that 
were developed in the sulphur which, it would appear, presented 
the usual conditions favorable to corrosive clec.trolysis. Ilad it 
been possible to reaidi tlie lower (uid of tlie jiipti,' marked cor¬ 
rosion on^ it woiild^ have undouhtcdly been found. Obviously 
the pi’incipal condition leading to tins experience was the fact 
that the boilers, engines, steam fittings, and even the concrete 
loiindation served as a path for the return current. That tlie 
current was making a frantic effort to reach tlie ground plate 
was evident, and it would he, liardly possible to find a more siinifi- 
lauit specimen of the insidious character of corrosive ele&rol- 
ysis, which is here jirovcn capable of attacking ordinary inac- 
'OCHsihlt! metal suhstructurc. Having learned of this occurrence 
the prinlcnt station nniiiager will see that his machinery shows 
ahsolnfc zero to the negative of his railway generators,’or per¬ 
chance some day his most trusted engine ’may gyrate tlirongh 
the station, causing ruin that would make a tornadli envious. 

In addition to the six conditioiis named, which are taken from 
actual experience, there yet remains a case that is as distinctive 
us It is perplexing. Both the corrosive action itself and the local 
conditions are so unusual that all details will he related. Pig. 2 
is a map showing the location of the jiower-house and the af- 
teeted water main, wliich consists of an S-in. kalornine pipe 
under a street of a city, that is undoubtedly one of the most 
locations for underground iron work'on the face of the 
globe. This is owing to the fact that the earth is almost satu¬ 
rated with a solution of sulphate of cojiper that seeps down from 
enormous copper mines on the hills, through the ground under 
Uie city. The avidity witli which this solution attacks iron is 
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ehowii ill the fact that tlie iron pipes used in pumping the cupric 
sulphate water out of the copper mines seldom lasted a nioiitli, 
until a preventive was found in lining the pipes with wood. 
Kaloinine pipe withstands coiiper solutions better than east or 
wromdit iron, hut now an extraordinary trouble has appeared 
that "eems to present a now and unrecorded form ot corrosive 

The inap shown in Irig. 2, together with the explanation ae- 



« 

8 in! main 

Fig. 3. 

oomDanvin" it, Bonveyu all information noeesBary concerning the 
^rSflrUka, wnJor main, the power-honBC The neg^ 

tivo of the generators is grounded by two No. 0 wiies one to tiie 
track and the other to the 2-in. iron water pipe lurnishing water 
to tL 2tion from the aHeeted main. The afiected portion of 
the 8-in main referred to is about 300 feet in length, ^ shown 
1 ttm man ami «, aerioua «the action tl>at its life B?Mom 

^ds eight montlis. Theiwculiarity offec.corrosionisin Hmfwt 

that the pitting invariably occurs on the inside, workmg outward.. 
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Fig. 3 shows a photograph of the interior of a short length of this 
pipe within 22 in. on which are 18 perforations, all of the char¬ 
acter described, and inside the pipe are clearly seen other pittings 
that have penetrated from within outward to various deptfi, 



Fig. 3. 


from the merest fraction of an inch to almost a complete perfora¬ 
tion, also the sediment running longitudinally along the center 
that has been deposited from ordinary causes. 

• exhibits same specimen with the sediment on the 

right hand portion of the pipe scraped off, in order to show more 
cle^ly the fact that the pittings occur from the inside. 

Fig. 35 shows the specimen set up and photographed against 
the sun, which proved the only way by which a satisfactory 



Fig. 8a. 

photogi*aph of the perforations could be obtained. In one in¬ 
stance the sun being immediately in range, the perforation is 
greatly exaggerated. ^ 

Fig. is from an inferior photograph of the reverse side of 
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the plate, whieli is in reality of a very smooth surface with 
many perforations. 

A* great deal of the same pipe is used throngliout other por- 





Fig. 3fi. 




Fig. 8c. 


J"ly. 1894. 
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for the Jietion. It luis not lu'cii [)ost>il)le to ohtjiiii ao aualysis of 
tile water in the pipe, hut it k (ihtaineil from mountain streams 
14 miles away and tastes [iiire and wlmlesome. Nor does it, an- 
pcar possible that tlu; soil <anild alleet the main internally. The 
fact that the trouble oeeurs at the [loint nearest the power-house 
affords<‘ireum.st.antial eviilemte a.^•ainst eleetriiuty, wliieh is alinoW 
eontinned by the further faet tliat internal pittiiii^ and |>erfom-. 
tion is not to he found els{!where in the city, <;ven with the same- 
pipe, vvater and other external eomlitions, exelmlim*- only the 
proximity of the |)ower-hunse. It is for tho.s(« havin'^ fa<‘ilitie8 
torexpernnent to p.u'nt out tlu‘ action oecasi<miiii? tliis internal 
corrosion and to iinlieatt* a cure. 

Returning again to the usual forms of eleetrolyth* corro.sioii 
to relieve the main from injury, ex<*.epting that due to internai 
pitting and eleetroly.sis at low eonduetivitv joints in mains, it is 
advisable that tlie return current be (Hmlined to the track as 
closely as IS jmssible. 'Phe most mmipetent method of doimr 
this in a ilouble-tracic road, ap[)ears to lu* in an adaptation of the 
t iree-wire system, in which one trolley wire forms the positive 
the other tndley ;vire lorms the m^galiv.*, and the rails firming 
the neutral. In this particular arrangi-nuuit, which is (liirereiit 
troin those three-wire apiilications now in use in diirerent locali- 
I 10 .S, It the rads and tracks are properly bomled it is clear that 
under normal conditions the earth will be free from the cnor- 
mouH return current that at present seeks its way to tlu^ power¬ 
house by every po.ssihle channel. ' 

Regardless of the carrying out of this eminently pmetical 
suggestion, however, electrolytic corrosi<m of mains from the 
earth return curreritH of electrii? railway inrcuits. will not occur 
when the following reipiirements have been complied witli. 

I. Jno cross-bonding at points where the mains show perma¬ 
nently negative potentials. * 

II. Heavy cross-bonding at points where the mains show per-, 

manently positive potentials. * 

rlr * 11 -*'^! permanence and reliability. 

IV. High conductivity in tiiick return circuit. 

y. Greatest po.s.sible resistance from tracks and mains, at 
where the maims show permanently negative potentials. 

VI. (xeiierators to permanently feed positive to line and 
negative to truck and main. 

VII. Heavy honding between the negative side of goneratoi*8. 
to various proper points of mains not heretofore designated. 

^ It 18 hardly necessary to emphasize the fact that trouble occa¬ 
sioned by corrosive electrolysis is largely due to the inadequate 
conductivity 01 the rail return circuit, or, to repeat the oft-told 
truth that the difficulty attending the use of the track as a retuni, 

18 at the rail joint. The welding of rails is now believed to have 
reached tfio commercially successful stage, and it certainly forms 
a perfect construction in every sense, but up to the present, it 
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has not come into general use. Wlietlier its slow development 
lias been due to inherent defects or to demands for excessive 
royalties or t>ther causes, lias not been explained. A remedy 
may bo found in another direction, and in looking for it the sub¬ 
ject. of rail joints must be thoroughly digested, not only electri¬ 
cally but from mechanical standpoints both in steam and street 
railways. 

Tlie method of jtaning together the abutting ends of rails is 
know n as fishing, * a term doubtless originated by Mr. Thos. 
'Predgold, one of the honored fathers of the profession of civil 
engineering, who detines fishing as perhajjs the simplest and best 
mShod of joining beams. Continuing in the same strain Mr. 
11. Cony here, C. K., says: 

“ Of rail joints there are two varieties, the suspended and the 
•■‘insistent fish. The former has to perform two functions, the 
“ latter only one. Tlie suspended joint had first to act as as. 

“ <rirder by giving vertical strength to the joint between the two> 

“ rails; the fishes therefore retpiired to be long and deep as pos- 
“ Bible, to be fastened by four bolts, and to have the bearing- 
“ edges as nearly horizontal, in order to keep the two ends of the 
“ rail in accurate opposition so that the joint might offer no ob- 
“ Stacie to tlie smooth moving of tbo wheels. The insistent fish 
“ was not recpiired to add to the vertical strength of the joint, 

“ such joint being supported by the joint sleepers or ties, the* 

“ only function it had to fulfil was to maintain the extremitie& 
“of the continuous rail in accurate opposition. For this,pur- 
“ pose a much shorter and shallower fish than would be req[nired 
“ In suspensioii, answered every purpose.” 

Another writer says: , . , ,,, * t. 

“ If rails were very deep the lish-jomt would leave little to be 
“desired. When a fieavily loaded train is caused to run along a 
“rail, it "will be found to continually deflect under the insistent 
“ strain, and this deflection is transmitted onward in advance of 
“ the wheel, tlie rail assuming a curve in a vertical plane of 
“greater or ta length. When the wheel approadie^w«^ 
“pint on a shallow rail, the enrre is ruddy broken. Thestiff- 
“ iiess of the joint princiMlly depends on the ^tion of the rail, 
“often only a third of the stiffness of the joints is afforded a® 
“compared with the solid rail. Iinprov^ hsh-jomts give 80 
“ per cent, of the stiffness of the solid rml. 

Experiinents made with two deep ish-plates having supwrts 
two feet hotweeii tlie centers of ties, and <»rmng aload of 25 
tons shows more deflection on the solid ml than on the joint. 
The bolts were not the least hurt dunng the test. (Sandber^.) 

A cei-tain amount of elasticity is essential to the durability of 
the rails, which is the reason for the preference 
to. The compression of now to «?der “ 
be from i in. to J in. sometimes with old ties. -Desires tne 

movement in tlie tie itself, there is also a movement of the tie 
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upon its bed, and these are the sole causes of the dedoction of the 
rail. Considered as a beam to support an insistent weight, a rail 
of over 60 pounds per yard is abundantly able to stand up under 
five times the pressure that it will ever be called upon to bear. 
As regards deflection under a swiftly passing load, Mr. Bidder, 
President Institution of Civil Engineers, England, says, that if 
there was no rail in a space of three feet, at 40 miles per hour, 
the wheels of an engine would not deflect more than ^ in. from 
gravity, therefore if a rail deflected more than jjf in., no further 
pressure from the engine could occur. Capt. W. II. Taylor, 
another autlu>rity, expresses the opinion that when the rails are 
.shallow, or are wanting in depth, the blows become serious, but 
when the section is deep and the ties arc suflicientiy near to¬ 
gether, the deflection of rails under a jiassing load, is im[)ercepti- 
ble. The most instructive expositions {»f the princinles of track 
construction, are two pam|)hlots on “ Smooth Trade’'from the 
pen of Mr. Philij) Noonan of Troup, Texas, who is a nioneer in 
the advocacy of continuous rails and to whose researches is due 
much that is known concerning wave motion in the rails. 

It is evident from the foregoing, that steam roads are designed 
to operate on a yielding roadlied, which gives from less than 
•J- in. to f in. or more, as the train progresses, the train being 
<*.ontinually preee<led by a wavij of depressiim. Tin's is a fea¬ 
ture that becomes marked in ctmsidering the points of diver¬ 
gence between the recpdreinents of steam locomotive railroads, 
and street railroads. Tlie latter is required to be operated at 
from 5 to 15 miles ner hour; the routes they traverse are occu¬ 
pied jointly by all Kinds of vehicles, hence the conditions are 
that these streets and highways shall he so |)aved us to support 
such tratfie. This requires the placing of tlie top of the ties 6, 
7, 8 and 10 inches below the surface of thcj street, and has neces- 
sitate<i the use of much heavier rails than those re(piired on 
other lines of railway. 'When it is known that a rail is to bo re¬ 
garded its an iron beam, the stillness of whi<tli is as the cube of 
its depth, the fact that the key for deriving a solution of the 
(juestion of how to obtain a smooth line of mil has been reached, 
can be realized. The supported joint is preferal>]e for street 
railroads because of the solidity and immovable cdiaracter of the 
roadbed ; the locomotive roads rocpiire the suspended joint bo as 
to l)e in keeping witli the elastic cliartwiter of their roadbed. Tlie 
difference bet\veen the two roads lies in the magnitude of tlie 
wave of depression passing along the rails under tlie traffic pecu¬ 
liar to each system. In the steam rotwl the wave of depression is 
clearly defined and considerable; in the street road with its con¬ 
crete ned and perfected construction if sncli wave exists^ at all it 
is nej^ligible, and owing to the extreme rigidity of the joints, the 
abutting ends of rails certainly have no appreciable play. This 
is a point to bo borne in mind. 

The expansion of rails from increased temperature presents a 
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further point that has lonjr been considered insurmountable, but 
recent experirnents of jijroat engineerinja; value indicate the end of 
trouble from this cause. Mr. A. J. Moxham,^ in experimenting 
upon a roadbed in actual oj)eratiou, placed 1100 feet of Y8-pound 
track in such a manner that it practically formed a continuous 
rail. The joints were made with the utniost rigidity, and many 
tlioiisand temperature and other essential readings were carefully 
taken periodically day and night during the months that the ex¬ 
periment lasted.' In'Mr. Moxham’s own words: 

The experiment proved absolutely and beyond cavil that the 
track is restraine<l and held by surface friction of the surround- 
^‘ing roadbed. From first to last, from a temperature 22 degrees 
“below freezing point (or 10 degrees) to a temperature of 89 
“ degrees above freezing j)oint (or 121 degrees) there was abso- 
“liitely no movement of the track out of place. Even at the 
“ ends this was true; proving that not only will the roadbed hold 
“ the track as a coin])lete structure, but that it will do it consecu- 
“tivcly. Once bedded, it will hold a rail 10 feet or 30 feet as 
“well as one llO feet. On this point there is no room for 

“ error.*' 

A further experiment in this direction wiismade by Mr. Wason 
of Cleveland, who, in order to get as nearly as possible a con¬ 
tinuous rail, put down lOOO foot of track, riveting the joints with 
red hot bolts put in by boiler makers, and placing the ends to- 
irctlier as closely as [Hmsihle, six rivets to each joints. It was just 
as straight after ten months as when first put down, the joints 

being absolutely imperceptible. 

It is now clear that the deep rails being imbedded in a solid 
roadway, enables the engineer to defy the forces of expansion in 
the rails; he therefore prepares the ends so that they closely abut, 
and then double bolts, rivets or welds the joints so as to make a 
practically continuous rail. In the case of a steel rail buried in 
the earth*, the necessary expansion on account of lucre^e ot tem- 
iierature coiisists of a minute enlargement of the sectional area, 
thus following the direction of least resistance. A fruitful source 
of trouble on street railroads, has been the space nnnecessaruy 
left between the rail ends for expansion, as practiced hitherto by 
steam roads. The wheels of electric motor cars and even cable cars 
soon pound these places sufficiently to cause considerable deflection. 
Another point which will assist in maintaining perfect steel lines 
for street railway traffic is to adopt the four-wheeled truck ystem, 
eight wheels uutler each car, the motor to be attached to the two 
axles nearest the center of the car. By tliis means, the forward 
wheels, being idlers, will carry forward the minute wave of de¬ 
pression to be further depressed by the driving wheel carrying the 
greatest weight. This will tend to preserve the perfect line. 

In view of the numerous references at hand, one 

"iTProceu^^ Bailway 

AsHociatifni, Cl«vdiiud, 1892. 
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tioii the fact that recent practiccB Imve made it possible to obviate 
two details of track construction that liave hitherto been consid¬ 
ered insurmountable in rendering; rails electrically continuous, 
namely, extreme rigidity at rail joints and perfect control of the 
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lonj^itudinal expansion of rails. The art of street railway build¬ 
ing having advanced snlKciently to enable tlie constrnetioii of me¬ 
chanically perfect rail joints, the problem of nsinjj the rails exclu¬ 
sively for the return ciVenit may now be attacked witliout fear of 
failure from the dilHeulties attending either bonding or corro¬ 
sive electrolysis, To comprehend the importance of the return 
circuit problem, it is instructive to carry out a line ijf reasoning 
that has appeared in a communication published in the Street 
fimhmy lienlrm. “ In stool rails ” the artitde states, ‘‘ it is usual 
“ to say that every 10 lbs. weight per yard nuMUis one H(|uaro in. 
“of cr{)as-section. h’our rails of 70 lbs. [)er yard =;= 28 square 
“ inches in section “ a steel bar 4 in. x 7 in. = a coiiper bar 1. 
“ in. X 5 in.” 

The conductivity of a copper bar having an area of 5 square 
inches is C(pial to that of 38 No. OOO B. ^ B. wires. If, therefore, 
the four 70-lb. rails of a double-truck system were electrically 
continuous and carried current at a density equivalent to 1000 
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amperes per square inch of copper, they would carry 6000 am¬ 
peres a distance of one mile with a loss of but 88 volts, or less 
than 16 per cent, if the initial e.m.p. is 000 volts, or 10 per cent, 
if it is 660 volts, or 17.6 per cent, if it is 600 volts. This is a loss in 
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potential of less than l.S volts or <>f one per cent, per 100 am¬ 
peres per mi l< 3 . The attainment of tliese results by the electric 
railways of the country woukl mean an annual saving of many 
thousamls of dollars. 

The communication referred to concludes by defining the fol¬ 
lowing conditions as affording the best return circuit. 

“ 1.” Intrinsic resistance low enough to need no help from the 

earth. 

“3. Utilization of rails as return conductors. 

“ 8. Hail bonds of heaviest practicable size. 

‘‘4. Kail bonds of shortest possible length. 

“o. Kail bonds protected against corrosion. 

“ 6. An underground main or tiuink return from the power- 

bouse to the track, and there connected with each line of rails, 
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“ and low enough resistance to carry the maximum current with 
** but slight drop in potential.” 

It will be conceded that these conditions are thoroughly com- 
prehermivo and that their (HUTectness is more apparent t^a-nis a 

means for their accomplishment, but to Mr. Frederick 1. New¬ 
berry, a well known civil engineer of the Pacific Coast is duo the 

■credit of devising a method of bonding that so completely satis- 
/. . -.-M l.a tlinrAncriiiv i^ractica wav. tliat 


necessary. Tins metnoa is tormeu uuuuu .a . ......... ..... 

bond consists of merely a cupper dowel that is slirunken-fit into 
holes drilled into the abutting rail ends. The bond is formed by 
reaming out holes in the ends of the rails to be coupled one in 
the head and one or more in the bottom fiange, as shown in fiigs. 
4 and 6. For a TO-poiind rail the preferred diameter of the lioles 
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is in. Tliese holes are to be bored just before placing; the rail^ 
which is thet) heated by a gasoline torch, .and a round bolt or 
dowel of pure soft copper, two indies long and sllglitly larger 
tlian in. in diameter is driven into one rail. Tlien the abutting 
rail is forced upon the other end of the dowel, the faces of the 
rails being brought as closely together as possible. The hsh-plates 
are then placed and doubie-bolted, riveted or welded together. 
The carrying capacity of these two dowels would be equal to 
one-half that of the rail, or equal to a bar of copper ^ in. wide 
by in. thick, which is amply sulKciont to carry tlie return cur¬ 
rent of any ro.ad now in ojieration in this country. If it were 
found advisable to double this capacity, it would be done with 
three dowels, one of } in. in diameter in the head, and two of | 
in. in diameter in the bottom llange. The junction of the copper 
and steel in the interior of the rail is electriiailly perfect, and re¬ 
mains so as long as the rail continues in place. When tlie work 
is well done, no particle of copper will be exposed to any action 
from air, water or other agencies, and being completely enveloped 
in the rail will bo perfectly protected from fracture or harm of 
any kind. 

’I'ho connecting surface of this bond is seven times its area,, 
thereby affording the rail a carrying capacity at the point of 
bondiilg equal to that of the bond itself, and with rails 30 feet 
long, 35‘2 joints per mile, 70 pounds of copper will be consumed 
in bonding a single-track mile. Experieiuso proves that no great 
Ijcating of the rail is re<|nired to effect an immovable grin on the 
copper dowel, which is polished and placed in the freshly bored 
hole in the rail end that luis licen heated at so low a temperature 
tliat there is not the slightest oxidation. Additional rigidity is- 
secured by rendering the dowel ends slightly conical, so tliattliey 
are upset in being driven borne. A sectional view of the dowel 
bond is shown in Fig. 6, consisting of two cubes of steel,, 
each 1| in. on the side, into which a g in. copper dowel has been 
sbrimlam-lit. It does not ai)pear that a more perfect union could 
liavo l)ecn made even by welding. According to Crosby and 
liell, the cost of single No. 0 bonding is $(i00 per mile, vix., $400 
for material and $200 for labor per mile of single track. The 
cost per mile for Imring and sotting direct bonding having a car¬ 
rying capacity of 000 amperes is estimated at ll.'io. Adding a 
royalty of 50 cents per joint, makes a total cost of $320 per mile 
of single track, while with || in. dowels having a carrying capa¬ 
city of 800 amperes, the total cost is estimatecl to be $400 per 
mile. Among the advantages of direct bonding will be enumer¬ 
ated: 

Ist. The practical elimination of the factor of length in bond 
wires. 

2d. The use of bonds of maximum cross-section. 

3d. Most perfect means available for effecting electrical con¬ 
tact between bonds and rails, bonce 
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4th. llighcHt posBihlo coiidiictiyity in bonding, and 
5 th*. Absolute perniiincncc. ^ v 

0th Perfect protection against water, acids, alkalies, gas, at- 

niospheric or otfier corrosive inllneticcs. . , , . , 

7th Miniiuuni consumption ot copper iii bond wires (approxi¬ 
mately 70 lbs. per mile at 15 cents per lb., $10.50). 

8th. (larryiug capacity limited only by that of the rail. 

0th. No cross track btmding. 

10th. No supplementary bonding. , , ,, , . . 

11th. No rivets, solder, paint, screws, bolts^or channel pins. 

t2th No elect roly sis. 

Ulth*. Practical equivalent of welded rails from almost every 

14th. Easily attachcil to liiushcd systems at a 
15th. (lost not e.Kceeding that of present methods of bonding, 

and at a , <• 11 i m 

Kith, (lost far less than that of welded rails. ^ 

A marked peculiarity in the operation of electric roads consiste 
in the fact that for the same results in foot-pounds, electric roads 
reanire more tlnin twice the boiler and engine duty that is neces¬ 
sary on steam roads. A hrochiire receiitly issued by a leading 
olectriii company states that although a ton weight may he moved 
on steam roads by an expemlitiirc of force equal to a pull of eight 
noniids, which is the usual estimate, yet electric roads require for 
tlm same duty a steam and electric plant capable of exacting an 
elfort of 510 imiimls, this ilcspitc the tact that the lino of trade o 
a well-built electric road is fur superior to that of steam roads m 
the true, even and inimohlle character of the rad siirfiwe.^ A 
lerfecUVH^ rail-bonding will elTect an increase in efeciency 
of anelcaitric roml by vai’iuns tlegreos of from 5 pei cent.t»»20 
ner cent ami the writer knows of at least one mstanco wherein 

that .1 very inatm-iul part of tUia oxtraordmary loss will be 

obviated hv nerfect rail-honding. . j 

A pnwaillng practice that might in generosity bo termed an 

inconsistency, is that of bonding a wire 

then rating the 

This fact mu^'-ests a criticism. A No. 0 B.« o. wiie, tor instance, 
a cta..nRrenco of l..)2j in.. whUo .ho wob of a 
allv 5^75 in. in thickness. This multiplied by l.Oil ana aiviaea 
byVl)3, gives the carrying capacity of the rail surface exposed o 
tlie bond^wire as the equivalent of a copper wire having an aica. 
of 008 square lilies, or about 82 per cent, of the conducUvity 
of the No 0 bond. Under these generally prevailing conditions, 
the carrying capacity of such bonding is overestimated by about 
20 nm cent^ To enable the copper bond to take a volume of 
current ..p to its full capacity, its stirte eontot with tt|e 
must la. limghly six tinios the area of the wiie. It is obvionc 




LOW ON HAIL BONDING, BTC. 


therefore, that tlie wcl) of tlie rail is not the proper place to at¬ 
tach bond wires. 

To illustrate: the Street U(iU,w(iy Jounial iov 1894, 

contains this statement regardinj^ the bonding of rails on the 
lines of the Electric Tniction Company of Philadelphia: 

“ A bare co))per hlo. 00 wire is vised for electrically connecting 
^‘the rails. This is laced in and out of the adjoining ends ont- 
*‘Bide of the angle bars (fish-plates) three times,'so that the carry- 

ing capacity of the honds at each joint is three times that of a 
“single No. 00 wire, and is equal to that of a 90-povmd girder 
'“rail of the Pennsylvania Steel Company,” 

The fact is then, that the rails are triple lace bonded through 
the web with No. 00 wire. The bond wires alone, have a carry¬ 
ing capacity of 052 amperes at 122*-^ F., but as they (being laced) 
make contact with the rails only by means of two holes in the 
web, the actual surface of steel o.xpoacd to the cop|)er wire is but 
.859 square inches, whereas it should beat least 1.765 square 
inche.s to (d)tain the full carrying capacity of the three No. 00 
wires used. From this it is evident that the bond will carry hut 
one-half the current claimed, but after theory and practice have 
cornpromiseil the case, it may be found that the duty uclually 
performed will ajvproach the designed duty to within 2o' percent, 
or 25 per cent. This will reduce the advisable carrying capacity 
of tlu! rail bond to less than 500 ampvires. Again the statement 
<jUoted, claims that the carrying capacity of the bonding is equal 
to that of a DO-pouml rail. The carrying capacity of a 90-pound 
rail is appro.\imately 1500 amperes, against which 500 ampere 
bonding appears small, |)articuhirly in a system proposing to con¬ 
sume 10.000 horse-power. As 'scores of sihaller enterpriseH 
an.\'iously await the lend of the great companies and follow im¬ 
plicitly in the .same path, too much caution in publishing such 
statements as that quoted can not be exercised. 

In conclusion, the art of rail-bonding now appears to have 
lieen perfected, and the damage that has been caused l>y corro¬ 
sive electrolysis may be attributeil to defective bonding, for with¬ 
out doubt, proper rnain-to-track, rail-to-rail, and track-to-dynamo 
bonding will cure the ill almost without exceivtion. Bhould the 
street railway companies delay in correcting the evil it is prol)- 
al)le that municipal authorities will take action for the protection 
of citi/ams in their vested interests, in which event the condi¬ 
tions now existing may bo further and seriously complicated by 
ill-advised municipal exactions. Tlie problem of eliminating 
electrolytic corrosion is, in brief, simply one of jiulicious bonding. 

Xan Francisco, Oct 18, 181)4. 
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OlilTUARY. 

Franz S(mi: lzk*I>KU( i k, P1». D., Febmmr-y 

7 i?//, 1.800, Memhev, April iils/, 1801,] was born lamiary 2d, 1856, 
ill ()ber-('assol, (bo-many. Aftor irradnatingfrom the Gymnasium 
at Bonn, bostiidiod matlieniatiesand physios in the univeraitieB of 
lleidolbco-g, and Strasbnrg, and then worked, principally under 
the »»-nidance of Professor Helmholtz in Berlin. In 1880 he took 
tho^^degree of Ph.D. in Berlin, for which degree Professors 
Kerelndf and Helndmllz were his principal examiners, llnderthe 
guidance of Prof(?ssor Helmholtz, Dr. Schulzo-Berge conducted, 
after methods of his own, i;xperimental researches concerning the 
contact, pohudial dilTerenei' between metals and gases. The theme 
of his dissertation was <d' i^special importance scientifically, since 
in physical iuvestigutiojisthis potential difTerence is nearly always 
present as a distnrhing element, as all metals arc, generally speak¬ 
ing, in contaet with gases. . , . 

His investigations involved tluf greatest nicety ot manipulation 
and his methml.s evinee«l great originality. It was for his thesis 
on this invi‘stigation that lie n^ceivial his degree ot Doctor of 

Philosophy. r • -i 

Almost simultamiously with his work, the results of a similar 

invufiti‘^ition hy anotlier party were puhlished, which disagreed 
with those obtained hy Schulze-Berge. The latter at once pre¬ 
pared another paper in which he iiroved the eorrectness of his 
.own coiKdusit.nH and the mn-or of those reached hy the other aiRlior. 

After graduating in 1880 he passed an e.xamination for Ober- 
Lehrer and occ.npieil this positimi at the LouiseiistiuidtischeB 
Gymmisium at Berlin, and that of Gynmusial-Behverat the Gym- 

.nasium at (:Jharl..ttenlmrg. 

Hu also, during this period became a tneniher of the 
Phvsikalisehe Gesi-llfichuFt'’ and as Hindi had charge ot theolhcml 
annual reports on dllferent branches of eUuitrical acn^ 
were puhlished in tlie MsrkriUe dcr / edited by the 

»ciety,ai..l at til.. tiim. ......timicl Blectncal y“rk m the 

laberatory <if l’r..r.M..i U.ihnli.ilt/.. It w.w at thw tone that he 
was a Ci-woi-ker with the late lamented Ileitmch Herte. He 
next tu..ne.l his attention to the investigation of the eleotae oon- 
dnotivitv of BO-ealled nmi-comluetors in very thin films (of * 01 a 
mmiineter or less). Tl.e resulto ..f these investigations and .ithors 
are pnblislied in Weuhmnn'n Awnalm, vo s. xin and xy. and ’"the 
BklnngsherkW der Phynihal/mdimi OeMeUelMft, 188). 
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In 1887 Dr. 8cliiilze-Berge came to this country and became 
assistant to Mr. Tlios. A. Edison. Perhaps the most notable of 
his work with Edison was the solution of the })roh1ein of dupli- 
liating phono^^raphie records whicli was intrusted to his «iare> 
The metliod employed of |)ro<lucini»; a eoiulnctinii; iihn upon the- 
wa.\ c?y Under, of such a character as not t(> sensibly obscure or mod* 
ify the finest liarnnuucs, was'the result of huijj: study and experi¬ 
ment ainl evimuMl the originality of the man. It was an entire 
suc(5ess. 

licaving; the tMnph»y of Mr. Edison, he retired to Brooklyn, 
where for the past year or two of his life he was enga^jed in his 
own private laboratory in physical investigations of various kinds, 
the results of some of which will doubtless soon he published. 
One of the results of his re<;ent work has been a rotary mercury 
vaouuni pump, an earlier form of which he described in a paper 
before the rntemational Electrical (Congress at Chicago in 1893. 
This has been still further improved upon, and ada[>ted to the 
exhaustion of lamps, but the new form has not yet been described. 

Dr. Schulze-Bergc had long been sulTering from an organic 
disease, tluM'.xact nature of which was not known until after his 
death. He died suddenly in Broidilyn on March til, 1894, of 
diffuse nej)hritiH, in the 39th year of his age. 

Personally he was of a very retiring diHpoBiti<»n ami a man of 
sucih extreme modesty, that his nature recoiled from notoriety of 
any kind. For this reason he was less widely known than he 
was entitled to be through his natural gifts and his contributions 
to science. Me rarely coutribute<l to the technical (iress except 
to give the results of some important investigathm. Me broke 
away from this rule which he had nuwle for himself, however,, 
sliortly befor(} his death, the occasion being tins contribution to 
one of the electrical journals of a biographical sketch of bis friend 
Meinric.b Hertz. This was bis last ap])eHraiice in print. 

Though be did not count a very wide circle of personal friendH,. 
bis manner was ho kind, so gentle, and so evi<lently sincere, that 
none came within bis influence but to love him, to admire him,, 
to respect 1dm, both as a man and a scientist. 



AnKXANDBR JIknht Bauku, | Membery February ‘7 

1.890, MemberApril 21#i{, 1891,] who since 1882 has been act¬ 
ively engaged in practical secondary battery applications for light ’ 
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ami pi»wer died in New York City, January 15th, 1895, 

of IJright’s <liseu«e. lie passed away quietly and suddenly, while 
appar^'Jd'ly in full possession of his reasoning faculties. Mr. 
Bauer who was horn in Baltimore, August 9th, 1846, had spent 
his working life in tdectrical pursuits, due possibly to hereditary 
traits, Ills father, William Henry Bauer, having been in service 
on the original Baltimore and Washington line of Prof. Morse, and 
was also a friend and admirer of Prof. Henry. “Aleck,” as he 
was familiarly called by Ids many old-time friends, entered the 
service of the Baltimore and Ohio Kailroad Company in 1859, as 
a messenger hoy. In that capacity he learned telegraphy, and 
at the heginning of the civil war, was sufficiently advanced to 
he assigmal tt> regular duty at the Annapolis Junction office. 
Up to the year I8(i-1 he was actively engaged as a telegraph 
operator, in "the government as well as railroad employ, in various 
West Virginia oIU<hw, and afterwards entered the service of the 
United Statns 'relegraph Company at Philadelphia. He subse- 
.luentlv returned to Baltimore, where he was employed by the 
Bankers and Bn.kers 'rdegraph Company, and latterly by the 
Western Uuitm, where he was appointed manager of the Oom- 
mereial News I)iq»artment, which included the “tickei^’ servic^ 
HlHiii thi' coitii.lutiDt. «f tl.o liuesof tlio Mutaal Union 
Ooinwnv, lio wivk npiK.intcd manager oi the B^timore offi®, but 
after tuJ .mialgamati..n of that eompany with 
he gave up telegmpl.y whieh, in hU opinion, no longer ofiered a 

held for lulvancement. 


The imimrtatimi from Knrope of 60 eella of the Faure aeeon- 
darv hatti ry in 1SK2, effereil him an opportumty to enter upon 
w at proved to be Ida future braiieli in the rapidly growing field 
^f In ■* ™ “Seoondaiy Baines for 

Lmht and I'ewer,” heforo the iNBTrro™', present^ ^y 16th, 
18H0, Mr. Bauer gave a very iiitewting ® 

imwtieal t‘Xt>erion<m, hjised upon the introduction 
Lteryineleetri«ligl.ting,Btpet^^^^^^ 

veVuttle inhirmation .1^^^ ttw^Thel^torago 
lie eimtimiu and tlie Electrical Aooumiilator Com- 

(/Ompany, o ^ 4.‘i 1888 during which period he became 

pany, of Now York, .m l „f the ele,^ 

more gciiomUy known ni t he J j---- 


l. TRANSAfSTIONS, Vf»l. Hi, p. 
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trical fraternity. Tlio introtluetion of the secondary l»attery for 
the lighting of railroad trains led to hi8a{)pointnient, on Felmiarv 
:l8th, 1888, as electrical engineer of the Ihilhnan Palace Car 
Company, a position whicli lie held at the time of his death. At 
the Chicago meeting of the Institutk, dime dtli, 7th and Sth, 
181)2, Mr. Paner read a pajier’ on “ Railway Train laghting,” con¬ 
taining a des<*.ription of the system used in the rnlhuan service 
together with valuable data as to the cost of lighting, made up 
fi-om actual i*ecords. These two jiapers by Mr. Hauer are char- 
, acteristic of the man, ami showed how tlioroughly he had mastered 
all the iletails of the actual merits of tln^ secondary battery for 
the service with which he liad been most prominently identified. 

In thus giving to the |uihlic through the iN.sTiruTKj the benefit 
of his investigations extending over a de<*-a<le, Mr. Bauer per¬ 
formed a servict; which is no doubt apfireciated by all whose 
duties have led them in similar directions. Ue also made many 
improvements in train lighting, some of which were iiatented. 
lieccmtly his headijuarters wiire at flersey City, where he was 
enabled to personally suiiervise the apparatus on such through 
trams to the sjiuth ami west as were provided with eleetrie 
lighting plants, Mr. Bauer had a wide circle of friemls wlio 
were warmly attached to him, all (»f whom were deeply 
shoc.ked by his doatli, not being awari^ of tlie fatal character of 
his illness, lie leaves a widow and one son, William F. Bauer, 
who following tlie example of his father and grandfather, is also 
engaged in electrical pursuits, and wh<» was ole(*.tcd an assoeiato 
member of the Institutk, April 15th, 18l)(i. 


RtTUoi.K ItiUMCKM UYHH, \ AiiHotHflU' t^optt'mhcv %)th^ 

ISh‘1, Member^ Ajynl 18M, 181)4, | was horn in Altenlmrg, Pala¬ 
tinate, Bavaria, October 18th, ISJH, and was educated at the 
I h:»ly technic, institute, Darmstadt, Hesse. In 1850 he came to 
tlie United States and was first employed on the Eric Railway, 
and shortly after in the Buifalo Steam’ Engine Works. On the 
first of September, 1854, he f^stablished himself in husinesH at 
Yonkers, N. Y., first as a repairer of tools, and subHoquontly as 
an inventor and manufaetnror of luit machinery. Mr. Oeorge 
Osterheld, who came from Europe with him, wjis his partner in 
this business. Before intercisting bimsolf in electrical work in 
1. Tbansaotions, vol. ix, ji. 445. 
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1878 Ik‘ l> 5 ul lakou «ml iibuut 150 patents. He continued liis 
cxpi'rinuMjlin.ii and investiniatini!:, at first in the line of 
telepluniy, an«l in 188'2 invfntv.i tlu* type «»f dynamo wliich lias 
Hincclieim kiuiwn l»y Ids naim-. lie hepin its mamifactiire for 
coniniercial use in l^ssu, 

Owinj^ to its compact f..nn and hx^U elHcienc.y, this ironclad 
dynamo has been found esp.‘eially adajited for railway train 
Ihddiuij:. 'I’he motor prov.-d eipially desiralde for street railway 
work, and its plan cd‘ wimliii”- was used in the Edison system. 
Mr. Eic.kemeyer devoftsl his attention esjiecially h) the mag¬ 
netic qualities of his dyuaums, and in the c<.urse of his investi- 
irations in 1-S87, he ilevised the dilVercutial magnetometer which 
troved of grind .service in detennining the relative merits of 
difTerent kinds of ir<m. Working alone as he did, and deriving 
his electrii-al knowledge from ho.dts, he naturally felt somewhat 
dillhlent as to the merits of his inventions. It was not until he 
had heen assured hy Mr. Stephen I). Fiehl, that his electrical 
machinery was of a superior quality, that he decided to place it 
„n the market. Even as late as iSli:;, when his inventions wore 
wolhkuown and appreidated, he was loth to admit that his work 
was worthy of consideration. “ I am oidy a maker of hat ma¬ 
chinery ” were the words he used when uskial about his oloctrieal 
career! In the city of Votdicrs, wliere he had built up a pros¬ 
perous husim^ss, and umoug his friends who knew him best, his 
niihlic spirit and gemiim- worth were highly respected a,ud ap¬ 
preciated. Mr. Eicketueyer died at Washington, D. C., on 

January 2Jrd, 181);». 
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Wisconsin, 523 North Carroll .St., -I ^ -If”' ?’ 

Madison, Wis. j 

Bavls, Charles H., C./i\, Consulting and Constructing En- j 

trineer, tao Broadway, 576 Lex-J A Mar. 18, 1890 
ington Ave., New York City, and 1 M June 17, i8go 
308 Walnut St,, Philadelphia, Fa. [ 


! 



MmiBlSRS 


i^aie oi meniDersnip. 

Davis. MINOR M ( A Aprir 6, 1886 

'vSV:uy’ ” m.6:.893 

Tti-i fM'ii-'i II X. /Vf./J. Kleirtrical ICnjrincer, Noroton, S A May 7,1889 

■ Cuim. iMOct. 1,1889 

131.1 Avv l'A\,'run K IU-;uNAKit ( l‘iir Pmiiient.) Inventor, South t A April 19, 1884 
• OruuKe, N. J, ( M Nov. 24. 1891 

SAMiua. S. Sup’t, Commercial Cable Co., Ha-j A Mar. 6, 1888 

■ zcl-Hill, Guysborough Co., N. S. | M Oct. x. 1889 

•> . . ... - * 1 *_•_ UjT_ 1 .!_- / 


Addrciis. 


Date of Membership. 


IHKHI.. I'lin-n- Sewing Machine f ^ ^ ^ ^gg 

Co.. 508 Morris Ave., Elizabeth,-/ jgg’ 

N- J- ( 

..•i«i.iii-vtttK. KliH'triiml l-lnginecr .mil Expert, 10 ( A Nov. i, 1887 

„ l,M.ui.\ n.n . nosbrosses St., New York City. \ M Dec. 6,1887 


lUoN, Al.t-liKD -A. 


General Supt., The Ottawa Elec-( . t _ 
trie t:o . 72 Sparks St., Ottawa, | 


Duiii. 


Consnlling Electrical Engineer, ( A Jan. 7,1890 
"‘ *■**’■ ' ’ H Choovstraat, Delft. Holland. ( M Mar. 18, 1890 

IIOSSIB. W...l.l,VM II •«! SiRlIi A.V., Newark, N. J. | A Not. i8, 1890 

Duiii.JiV, tMiAKl.t;-. H. CluMiiisl and Sclentiac ( A Oct. 1,1889 

IVnn. K. K. t o., 1219 1 w®l^th-j jgg^ 

Ave., Altoona, I'a. t 

1. w la*! West 22iul St., New York City, i A Dec. 21,1892 

DUNMAH, I . -J jSgg 

tH v»-AN Dr. l.rdns JohHs University, i W 

1 »R. .1 Baltimore, Md. ( M Sept. 6,1887 

t'iKii Sill U K Electrical Engineer, of the Crocker- 

‘ ' Wheeler Electric Co., Ampere, E. April 21, 1891 

Orange, N. J.; Residence, 223■( ^ jyjjg 
Central Vark. West, New York 
City. 


Dun MAH, E. W. 


K.it... K..WAK.. '■-gSinrN vf" I M FeK rt. S 
K. N. I ii 'I 

KliUOH. TIII>M,1S A. M«;li|iita“” ”"A Inventor, Orange, | A ^nl 15, 

Vi r MR Erksi Electrical Engipeer careof ^ pgj, 

Li.f.i.R. J.RNsi ^ X„ Sitnmermgstr, 187, • Mar. 21,1894 

Vienna, Austria. 

CiiAKtbs KiiW ARti t:onsulti«g Engineer, 915 (a June 26, 1891 

EMI.HN. i HARJ.h r Building, cor. Eulton and Nassau -j ^ April 19,1892 

Sts., New York City. \ 

emmk., w, H. Im .5; Z 

KUHVIS UKR.,,. . H. U; 111? 

St., ttOMWfi ^ 
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Mwmms 


Name. 


Address. 


trie Welding Co., Lynn 


Date of Membership. 


Everest, Augustine R. Electrical Engineer, Thomson Elec-j A May ig, |8qi 

, ,Mass. 1 - 


M Dec. 20, 1893 


Farnham, Isaiah H. Electrical Engineer, N. E. Tele- ( . t q oa. 


Fessenden, Reginald A. Professor of 

Western 


or of Electrical Engineering, ( . ^ 
ern University of Penhsyl--{w^ * 
vania, Allegheny. Pa. ]MDec. i6. 


1890 

1890 


Field, C. J., Af. E. Consulting and Constructing En- ( * r « 

trineer. Hnilding, 26 •{ - - J- 

:ity. i 


gineer, Havemeyer Building, 
Cortlandt St., New York City 


M Nov. I, 1887 


Field, Stephen D. Klectrical Engineer, Stockbridge, ( A April 15, 1884 

Mass. 1 M Oct. 21, 1884 


Fitzmaurtce, James S. Chief Engineer, The Electric Light ( . o * a « 

^I “ «"■ 

Fleming, Wilfrid H. 79 W. 3d St., Bayonne City. N. J. (A Dec. 6, 1887 

/ M Jan. 3, 1888 

Foster, Horatio A. . Electrical Engineer, Editor, f 

Power, 36 Cortlandt St.; resi-J A June 8, 1887 

dence, 569 Park Ave., New York | M Sept. 6, 1887 
City. H / 

Freeman, Dr. Frank L. Attorney-at-Law. Solicitor of Pat- ( . ,, 

ents, filectrical Expert. 931 F St., ^ S 7 , 1889, 
Washington, D. C; (MSept. 3,1889. 

Gale, Horace B. Consulting Electrical and Meehan- { a xt 

ical Enirineer. ao Califomin fir.. Xr; 1892- 

’ jM May i6, 


ical En^neer, 40 California St 
San Francisco, Cal. 


Geyer, Dr. Wm. E. Stevens Institute of Technology, j A June 5, 1888- 


Hoboken, N. J. 


M Sept. 7, 1888- 


Gifford, Clarence E. Electrical Engineer, Supt. James- (*•»»■ .• » 

town Electric Light and Power •) ^ 

Co., Jamestown, N, Y. (*®94 

Gray, Dr. Elisha Electrician and Inventor, Highland (-A Feb. 16, 1892 


Park, Ill. 


Greene, S. Dana 


M May 17, 1892 


Assistant General Manager, General J A Sept. 20, 1893. 
Electric Co., Schenectady, N. Y. j M April 18, 1894 


M April 18, 1894 


Griscom, Wm. Electrical Engineer, 224 Chestnut! . t 

St., Philadelphia; residence, 

Kaverford, Pa. ( ^ Mar. 18, 1890 

Gutmann, Ludwig Electrical Engineer, care of Sireei ( . „ 

Railway Review, 269 Dearborn •! A Sept. 14, i888- 
St, Chicago, Ill. |M Mar. 21, 1893 

Hall, Clayton C. Civil Engineer, 810 Park Ave., (A April is, 1884 


Baltimore, Md. 


Hall, John L. 


M dct. 21, 1884 


Manager, Western Union Telegraph J a c . 

Co.. 300 Market St, Wilminrton, \ t ?fP‘* *2, 1891 
Del. ’ |M Dec. 20, 1893 




MicMnims 


885 


Name. 

HAMlll-KT, JAMKH 


IlAMU “'N- 


Date of Membership. 

() MaiUijrer Time f 
Soivuc. W. U. I'el. Co., ’'OS 1 A Nov. 1.1887 

DroaiUvay, I' O. Uos 850. New’l ^ ,337 

\ urk t:iiy ; resideiuu, 80 Sidney 1 
l*l;uc. Hroiiklyn. N. Y. \ 

l.krtririaii. Wvslem lilectric Co., f 
«« * riuimrs, cor. Clreenwich St., } A April 15, t884 
Ni:w VovU; nsidom:e. 532 Morris! M Oct. 21, 1884 
.Avf , KU/abi-lh, N. J. 1. 


A June 8,1887 


HaMMKR, WU l.lAM 1. 

(.I/,/«<»!,■//.) ConsultinR and Super- 
vi-^iu^ l.lcctriial Engineer, 1305 
Havinievci Huilding, 26 CortUindt' 
St.. New York City: residence. 


KImora, N. J. 1 

Haskins. C.akvi. O. 

l-'.lecii ii al l aiginver. tleneral Electric 
Co,, tiao Atlantic Ave., Hoston, 


M ass. 

Haskins. CtiAUi.v.s 11. 

lslt » trici.an. The Marie Antoinette, 
(,<jlh St. ami Huulevard, New 


York City. 

II.askins, Ci.akk IkAUVl 

City IsliMlriv Eight Inspector, 582 
\Vrst Congress St., Chicago, 111. 

H.ASSON, W. !•’. C. 

1* irni ol Hasstm N' Hunt, Consulting 
ami Siipervising Mechanical and 


) mar, to, loyw 

June 20, 1894 

^A April 15, 1884 
i M Oct. 21, 1884 


Trleplm 

Cal. 


IlAVKS, H AMMONi' \ . 
HAVI-.S. HAKUY K. 

Havnkn. IC T. J. 

HiaNttb'Hi KifUAiui O. 

llKHlNti, CaJU. 
llKHtNO, HiUSM ANN S. 

llKUHiCK, ClIAKI.I-H II. 


Kk t iii. iatt. Amerkun Hell ‘I’clc- j ^ iggg 

jihone Ct)., 42 Varnswortn -j ^ jg^ jgqo 

yid. HiiHtoii Mass. V 

Asst, l.lcctiiciim. American Tele- ^ ^ Ig, igg3 

Ijraph ami Telcpiume t.u., I53 * m ^ec. 20, 1893 
Ccl.ir St,, New York City. t 

Iiivisional TcIctirajiU I'.njfinccr, f radA 

iVrJa. W.,tmr faUw»v., l<«i- A ?“• ?'S 

yilla, CliciMon M Jan. 3. 1887 
Ufsid, raunion. Kt'K* s 

f.kiirical K.iiy.iiicef. i A Oct. 1,1889 

Hii .d Instrument Co., iHWtUimn^ 25^ igga 

St.. Newark, N* ]■ 

Consitltiin; Klcctrical KuKirreer. 927 j A Jan. 3i i|88 
chesttmt St,. IMiilmlelpbia, I'a. 1 M June 5.1888 

Awan iatc tu Klct-trkal Kngineer-( ^ April 21. 1891 
injj. jolins Hopkins University,-j ^prilig, 1893 
HaUiniorc. Md. i 


iiK««.cK. II. •''Si'™"A Aprilni. 189. 

Avc.. VVinclmstcr, Mas»< 

Hnnanr.. 1),. I'. llt Nu.i- ■ 1''““'™;;, vScity^"" ( M 

H«.r., CUHd-. '-’SiSiun ''-Cl "iM | J, I?! 


philmldpltitt 

Spruce Hi.. Philadelphia, V« 




MEMBERS 


oi memixtrsi 

(a Nov. 24. 
’3 JM Feb. i 6 , 


Higgins, Edward E. 


Hix, E. Randolph 


Name. . Addre*®. D(ite of Membership. 

Hibbard, Angus S. (Manager.) General Manager, (. „ 

Chic 4 o Telephone Co., 203 
Washtogton St.. Chicago, Ill. ( 

Higgins, Edward E. Expert in Street Railway Values ( * ^ » -q- 

“rkcif,: “ 

.Holmes, Franklin S, Electrical Engineer, 108 Fulton St., ( . ... ,0^, 

Houston, Edwin J., Ph.D, (Fresident^ Prof, of Physics, f 

.[Life Member.] Franklin Inst., Firm of Houston I . a««*i re tqa. 

& Kennelly, 1105 Betz Bldg.; resi-^ ^ 
clence. 1809 Spring Garden St., 1 ^ 

Philadelphia, Pa, C 


Howell, John W. 


Electrician, 761 High .St., Newark, | A July I2, 1887 
N. J. jMJune 5,1888 


Howell, Wilson S* General Electric Lamp Works, Har- ( . cj^_. „ 

rison, N.J.; residence, 19 Webster-v' ^ JfP;* 3 * 
Place, 04 hge, N. J. ] M Mar. t8 , 1890 

Hunter, Rudolph M. Expert and Counsellor in Patent ( . 

Causes, 926 Walnut St., PhilaJ W * 3 . 188& 


Hunting, Fred S. 


JeTphia,?" • May 17,1887 

Chief Engineer, Fort Wayne Elec- ( . « „ 

s: 

r. Electrical Engineer, 253 Broad- ( . 
way; residence, 56 West 25th St., 

New York City. ' ]M Dec. 16. 1890 

Springfield, Mass. J A June 8, 1887 

( M Nov. I, 1887 

r 

Rue St. Gommaire, 23, Antwerp, j A Jan. 19, 1892 
Belgium. ( M May 17, 1892 


.Hutchinson, Dr, Cary T. Electrical Engineer, 2i;3 Broad- ( . 1 - o 

wav; residence efi Wsst neth <?«• JA. £.«“* 7 . 1890 


Hvde, Jerome W, 


Inrig, .\lec Gavan 


Ives, Edward B. Chief Engineer, Electric Traction ( . 

Co. of Philadelphia, 421 Chestnut-I ^ 

St., Philadelphia, PaT ( ^ 1894 

Jackson, Dugald C. • Profes.sor of Electrical Engineering, ( . _ ,0-,. 

University of Wisconsin, Madi--^ J’ JSS 

son, Wis. ■ (^ J"""® * 7 , 1890 

Jackson, Francls E. Aylsworth & Jackson, Incandescent 

Filament Manufacturers, isSjAJan. 3,1888 
EssexAve., Orange; residence,6x I M June 17, 1890 
’ South Grove St.,East Orange,N. J. [ 

Jackson, Henry Telegraph Supt. and Engineer, The f 

Lancashire & Yorkshire Railway J A Mar. 21,1894 
Co., Horwich, Bolton-le-Moors, 1 M Dec. 19,1894 
Lancashire, England, [ 


Jackson, Henry 


Jackson, J. .p.. 


Professor of Electrical Engineering, (. 

Penn. State College, sW Col- 

lege, Pa. (MJan. 17,1894 




MtCMHKUS 


887 






Date of Membership. 


Jannus vn«» 

JkNK^. • J 


JoM-S l'K\N« »'• 
l l.iCr M» *i»br» I 


Kwnt. l‘« XAIHANU I. 
Kinhman. 


KNnwf.hs. In. I'i- 


KsiiiiMis, A. A. 

I.anui., J‘M‘t “* A 


l.AMVfMN, ,|*»»« 
I.AlTHi, W 


l.AWSilS. A. I. 


Att«>rm-y-ul-l.:i\v, Solicitor of I‘a-( . 

.r;«-3o I;, s.., N, w. ano, . ^ 

Washiogtou, D. C. ( ^ 

ratvni I Htmrlnu-ut. ticncral Elec-( . , „ -j. 

„i,- Co. Br,,:,.; S.rm, J; |'|5 

3iifi7, Now \tuk < Uy. ( 

.j ConMiIlin^; KnKiuccr, Hestonvillc, 

Mautti.i ami l- ainnount Passenger J A April 21, 1891 
k.K I'o . 4300 Lancaster Ave., M April 18, 1894 
I'hilailelpltia, I'a. 

AWistaul (Irii't.Manager ami Elec- f 
irit iiuu Postal Telegraph-Cable | A April 15,1884 
t o.. 25i'.l Unuiilway, New Vork'i M Oct. 21, 1884 
City. I 

, s. Sumlycroft Foundry. F.. W. Co,, { A June 6, 1893 
UawaVilcn, near Chester. Eng. ( M Jan. 17, 1894 

F'.UnrtrieuI Engineer and President f 
Kinninan Uhark Signal Co., 143 J A Sept 27,1892 
i.iberty St., New York City and | M May 16, 1893 

i'l.iiiilichl, N. J. I 

Klcclrieal Enginei-r. Ihe .Schuyler ^ 8,1887 

FhM tric t'oinpany, Muldletown, *J jyjy 12,1887 

t'unn t 

F.leelric.d Engineer. io(> I-‘uUon St., (A Dec. 6,1887 

New York City. ^MJan, 3,1888 

Superititemlrnt Westinghwise Elec- ( ^ 6, 1888 

tiic ami Miinufaeluring t o., East-j jyj iggg 

Pittsburg. Pa, t 

Elrrtrieal Engineer. Canada Life J A Mar. 6, *888 
Uniiding, Ttmtnio, Onl. 1. M Ju*>® 5, *885 

Eleelfiral Engineer, Supt. of Tele- ( 
giaidi and Electrical Apparatus, 8^ 1887 

Lehigh Valley H. K. C.n., ho.-, «jujy 12,1887 
Hrthichem. I‘a.; resulence, ^ 335 
Hrosnl St.. West Ikthlebent, Pa. I 


Lkmi% JH 

LtoSAHb, H. W-AHtt 


LKtt!«A«l», At. W. 


Lirm, Jtmx W.. I a. 

Li.ovii. UtiHRin MifA, 


of LomltUt »mi . .wy..—-- - " i 

Elet l'h- Lighllng Co., Ctd.,^ 4<) | M J****® 7, 9 

t,nieen Vktoria St.. l.<»ndon, Eng. 1. 
liU., iri. i«, KIcetric | A April ». jM* 

Welding Co.. Irynn, Mass. I M I eb. 21, 93 

tTire Pmidmt.) Electrical Engin- U July 12, 1887 
eer. 44 /M Sept. 6. 1887 

West .15th Hi.. New \ ork City. t. 

Elretrkal Engineer, and 9M A Nov. 6, *886 

I'clcgraph. t Chesapeake « jyj ^ay i, *885 

U'y. <'o-* Riehniond, Va, v 

Kleciric.il Engineer, Edison Elec- ^ ggpt. 6,1887 
irk III. Co.; Residence, *66 West iiov. i, *887 
,»7ih St.. New York City- t 

I ko';. r,; JsT. 
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MEMBERS 


Dat«» " 


Name. Address. 

Lockwood, Thomas D.,/*. I. Inst. Electrical Engineer, and JS. 

[Life Member.] Advisory Electrician, P.O. Drawer •< O 

2, Boston, Mass. 1 

Lorrain, James Grieve Norfolk House, Norfolk St., Lon-(A ^ 
• don, W. C., England. ^ 

Lovejoy, J. R. General Manager, Supply Dept., (^ 

General Electric Co., Schenec--j 
tady, N. Y. ( 

Macfarlane, Alexander, D. Sc., LL.D. 84 Heustis St., (A 

Ithaca, N. Y. 


Maiixoux, C. O. 


Ithaca, N. Y. 

Consulting Electrical Enj 
45 William St., Telephone 
Cortlandt, New York City. 


Engineer, 1 
one 3457A ] 
ity. ( 


A 

U <-^ 


Mansfield, Arthur Newhall Assistant Electrician, Ameri- f ^ j7, 

can Telephone and Telegraph Co., ^ r, 
153 Cedar St., New York City. i * 

Marks, Louis B., M. M. E. Engineer-in-Chief, Marks-Ayer ( 

Electnc Co., 73 Watts St.; resi- A ^ 
dence, 51 East 67th St., New j MC 
York City. 

Marks, William Dennis, i’A. 5 . C. E. Edison Electric j A X«*' 

Light Co., Philadelphia, Pa. i t/L iVl 

Marshall, J. T. Metuchen, N. J. .(A C> 


Marshall, J. T. 


Marvin, Harry N. 


Maver, William, Jr. 


Mayer, George M. 
Maynard, Geo. C. 


McCay, H. Kent Electrical Engineer and Contractor, (. 

106 E. German St., Baltimore, V/- 
Md. ^ 

McCluer, C. E. Superintendent, First District, So. ( . 

Bell Telephone and Telegraph -I ^ 

Co., P. O. Box 32. Richmond, Va. ( ^ * 

Metcalfe, George R. Firm of Metcalfe & Moeller, Elec¬ 
trical Engineers, 343 Ninth Ave.jj A .A. 
residence, 404 West 22d St., New 1 M N 
York City. 

Mrixis, John Captain of Engineers U. S. A., The . 

Lighthouse Board,. Washing-ton, 

' D. C. ’ (M IVd 

Mills, Frank P. Superintendent Cleveland Iron (A Js 

Mining Co,, Ishpeming, Mich. ( M 

Molera, E. J. Civil Engineer, 606 Clay St., San (A Ta 

Francisco, Cal. "I M 

Moore, D. McFarlan Inventor, Moore Electrical Co., 321 (A TO 


Secretary and Expert, Marvin (4 yy 

Electric Drill Co., 208 South •{ 4-- t - 
Geddes St., Syracuse, N. Y. ( 

Electrical Ejmert and Consulting f . -j , 
Electrical Engineer, 31 Nassau-] 4^1- "a 
S t., New York City. ( 

Enterprise Block, 5th Floor, 7g j A I'J 
Fifth Ave., Chicago, III. I M JT t 


Fifth Ave., Chicago, III. 


M Jx 


Electrical Engineer, 800 H. St., N. ( A 


W., Washington, D. C. 


M i;? 


Electrical Engineer and Contractor, ( . 

106 E. German St., Baltimore, » 
Md. ^ 


McCluer, C. E. 


Metcalfe, George R. 


Mrixis, John 


Mills, Frank P. 
. Molera, E. j. 


Harrison St., Harrison, N. J. 







^ Ihiif III MenilKTsliiji- 

Nau!'' 

. I'liuMA ■ >np! I.u aniSvt a- llani. Huslon ;in»l 

Mokku". Mosituna.' tni'i(i;isi;»i(ni»aijipcr ami 1 A Hetr. 2i, 1892 

?Nslv«! Mininj* in., i.nat I-’allvi, M April 18, 1894 
MuU!. I 

rn» 1 . I'Si'li'iin! Ill l'!iv-.!i':i, t.iiinfll \A Ofl. 4 i 

NIOHOI.N. ‘ I lUiiia. N. V. IMUCV. (.,1887 


. I •.ii V I'!?HI »■! N‘'U A M41 laMU, l.untra<t> ( . Sent 27 i8q2 

N..M. AV- , K« ■ ;5; 

I 7 Sh S? . Nr-.v >i«k t ny. { 

lUlNI 1 ‘. » \V<- .-anKhimM' Klriuu- .uul M(«. 

fjin. * 

e.. ^. v i^ krnrsat I U;* ni* t •<.. iHu Summer I A jiiae 8,1887 

VMSV, Sli'N* ' «• I M N«v. i. 1887 

j- I'll »i { I •> M I'-t I kat. .jih AsslUi-'fV, I'. S. Army, i A Ike, 21, 1892 
PaUKHI H'*l. ‘ H '‘‘f ‘ ' ‘ ‘ Miim.ie. Vu. | M Nov. 15. 1893 

IWK.. < Wii I -Avs I -I- l Vr . I',.,,. X. V. U ,Wy II, l«8; 


Vaink. t‘- 15 51. 


PaINK, Sll'M V J» 


I'AtllW'N, a 


VKAKSON, I' , s 


P»1IK». I WI.I. MIS I1 -la. A- . T".>. X. V. ,j A .My .1, Ig 

I. . ...11 H 1' J Ji'.H!* *l Itiriti<.li rimm-l , « ^ _ ,ggg 

PahsHM... h i l.M . 38 ^^ulm.m.m J, 

Sr, \Vr'i1?ssMr4rr, l.tMulnh, Ktt^t ( 

.. i;»..\ I tim i 4 r. 4 tt;’nu Itsii'.. t’liasultiiitij I 

l'Ai ilw>N. i A ^ t im.iHKiuu; Mrrtiual Kn-j A Sept. 22 . 1891 

i iiii’i!'-. t \f> l.»l‘i'ttv M,. New ! M Ike. 16, 189! 
Viisi. I ifV ^ 

. tii/utiu, S»». o,M l’.rii;ul* 3 A (M. 25 i 1892 

VwkM'N. I . .s f 551 , ,893 

I'Htftfc'* A < I l oili, ..ut Mf I'.lnlriral Kn* ^ ^ , 8 ,p 

','iurr>im7, I I.: 1 .Ill'I M.Utlotil, jf.. i i^j I let*. l(u 189O 
l iiivrt -tiv. I'alii AIIm. * al- ' 

IkRKV.Nn-n<isW . / $/ . l <l»i"», / ft U May 17. *892 

\ V, ru\ . leu lrm r. tHSuluej . jgyj 

N, % f 

Piim". fir**. t/fi-.j «nfi. Pir> 4 »leirt, April * 5 . iHN 

/ 3 i»;i Ifrtwlttay, 1 M Oet. 21,1884 

Vi.rk ' 

I'li Kf lt«t 1«. V. A ♦ Inrl I .H:sMn:f Amrf tjl. tV Tel. \ ^ ^ jgyo 

" » M . tVlaf Sf , New \ork*. , 8 ,^, 

t'ify. ' 




I'RKf itJ^t I»• I - ' 


l’.M|? . ♦ l»«i 9 ;»i; »eMiiU.tter, 54.34 ^1 !’*-•».. 2 «, 18 j3 

Mi»»«fia Avr,, My»Sr Park, HI* 

l'IKK.(‘i \Vlf4?. w., a - laHjitrer. j A I>cc. if*. I«9^ 

‘/iMiTfroK * >3lo Ikl* BtftkIfftK*’i M tkt. 25 i l 8 y 2 

Ii»la 4 r’.p 1 ?fa. I’a ■- ' 

v... ..«•«. ^n> .s. ;|m 

* S!.. N.% .; ri'sideimc, i M UU. ai. *884 

i ,trAt liu»s»i!toli. MafUi. 1. 


l'IKK,(-l W W., /f 


Pimir-K, |. t‘ 






890 


MEMBERS 


Name 

Pratt, Robert 


Address. 


Date of Membership. 


ertJ. Klectrician, Trca.s. and Mgr, Klee-( * r i 

trie Mfg. Co. and Gas EnEineCo., ] ^ ;||7 

Greenbusb, N. Y. ( *887 


Rae, Frank B. 


P'lectrical I'ngineer, Home Bank j A April 15, 1884 
Building, Detroit, Mich. } M Oot. 25, 1892 


Raymond, Chas. W. [Address unknown,] J A June 8, 1887 

I M May 17, 1887 

Rkckenzaon, Frederick. Electrical Engineer, Box 225, 58 ( , 

Demott St., West Hoboken, N. J. *888 

43 Wall St., New York City. ( ^ 5 * *888 

Reist, Henry G. Designing Engineer, General Elec- ( . t 

trie Co., 5 South Church St.. J 

. Schenectady, N. Y. / ^ * 9 * *894 

jircE, K. Wilbur, Jr. Technical Director, The General J A Dec. 6,1887 

Electric Co., .Schenectady, N. Y. ( M Jan. 3, i888 

Ries, Elias E. Electrical Engineer and Inventor, j 

Prest. Ries Electric Specialty Co., * 1 , 

, . . Baltimore and Eutaw Sts.; re-s--j *?• *887 

idence, 430 South Broadway, Bal- | ^ o, 1887 

timore. Md. [ 

Robb, Wm. Lispenard Professor of Physics, Trinity Col- ( A Dec. 16. 1891 

lege, Hartford, Conn. 'j M Mar. 15, 1892 

Roberts, F!. P, E. P, Roberts & Co,, P^lectrical and f 

Mechanical Engineers, BrainardJ A Jan. 6,1885 
Block, Telephone 2656, Cleveland, 1 M Feb. 3, 1885 

O, [ 

Rodgers, Howard S. Electrical Engineer, Eddy Electric j A Sept. 27, 1892 

Mfg. Co., Wind.sor, Conn. May 16,1893 


Rourer, Albert L. Electrical Engineer, with General i A Nov. r, 1887 

■ Electric Co., .Schenectady, N. Y.] M May i, 188& 

Ross, Norman Assistant Works ICngineer, Cana- ( a . o 

dian General Electric C’o., Peter--! *.95 

. . boro, Out. ’ j M Nov. 21. 1894 

i 

Ross, Robert A.. Electrical Engineer, Royal Electric j A .Sept. 27, 1892 

Co.. 94 Queen St., Montreal, P, Q. ] M April 18, 1893 

kouQUETTE, William F. B. Proprietor, Rouquette & Co., { A Mar. 21, 1894 

47 Dey St., New York City. j M Dec. 19, 1894 

Salomons. .S’rV David Lionel, Bar^, ■ M. A,, Engineer and f 

[Life Member Barrister, Brootnhill, Tunbridge J A Feb. 7, i888 


Ross, Robert A.. 


Sargent, W. D. 


.Scon', Charles F. 


Wells, Kent, and 49 Grosvenor) M May i, 1888 
St., l.ondon, W. England. [ 

.Sands H. ,S. Consultingand Constructing Electri-( * ni » 

cal Engineer, Peabody Building, -I w **’ *895 
Wheeling, W. Va. ] M Nov. 21. 1894 

Sargent, W. D. General Manager, N. Y. & N. J. ( a a n 

mCo...6Smi.hS...BrocW,ljAAprfr,s^^^ 

.Scon, Charles F. Chief Electrician, Westinghouse ( a a -i « 

Electric and Mfg. Co,, Pittsburg, -Iw t^** * 9 » iSgE- 
Pa. jMJan. 17,1893 

Shallenberoer, O. B. Consulting Electrician, ■ Westing-. 

house Electric and Mfg. Go^ 4 7'*$88 

'of Pittsburg; Rochester, Pa. ( ^ 
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SllAW, * • 

SHKA. Hv%H l. W 

'"'Mrs::., J W. 

.JiU> I'Al-l*' ^ ■ 

,SMU«i. •«•»« \S:1 

smjih. It M 

SMITH, r CAt l 

si‘.M I > 

smifev, t‘‘'“ *' ' 

STA^»*n*»?.T‘. WilllAM 

srfeAT-S'*( ♦'ijK 
Hi Kii t s '<, ' l' H »■ • H ♦ K *'. 

HlTANMI'.V?. k'tl.%»!•»>■■■• J*' 

RTr-VJ-'N**, W. I »: 

SriKHfSi.i:*. !.» •»►> 

S’jmwii.f. I H. 

Ta» TAVAl t , I ItMS; 14. 


Uate oi Membership. 

Akr..i» titucntl Klectrlc j May 17,1892 
I A.,. AkruH, i>. |M Kcb. 27, 1895 

I'ftjh 'v-ut •.[ I’niversitv of ( » ia o 

iiiUM-., j,.:i w. lim st,..;ium- Ci '“■ 

III. I “ J"”' “• '“w 

. I'sutr-!^t*r ti( Physics ami 

l-'iii'isu erutj;. I’olyteeh- A Dec. i6, 1890 
nit I7«i Stalest., Hrouk-’j M Oct. 27, 1891 

lyit, N. V. 

Meiiinvav Uailwayt'H,. t (HtR Isluuil lA Kcb. 7, 1890 
t tfv, X V. I M Mar. l8. 1890 

\ in I'n M^ntt ami Maaajjcr, I'he (. A„r5i re tRRa 

t amm iaty K.kctvic lawhl ami • m l)ec 0 Isll 

is.wri i..: t anun t:ity. t a.l. ( 

Mnit Umv l^uiMty. ^ ,8 

lp.,l*,r Hn irm .S t n.. PtHs- ■ 

laifjj, I'a I ‘ 

Kkebp aj K„Ki.R-cr ami j, jgg 

I n. Patciu t aUMN Mof- ^g 

»a« lM*H k< Detroit, Mich. ( ■’ 

Mc.ttaimal.iml K.hrctrkal Knginccr, (a ... ,o„. 

,*t .M »ic^cl Ihsthliii^, llalaildphia. ^g'^ 

1 fHrum*”* Mt mciiyA **“^'’**^,, A AiiriUi, 1891 

f*h to,, tt Milk St.. ' 11 “'^^"”. *1 jyj 30 |gy4 

Ma's'. V 

|.tr. t!i., .lKt.y;iitcm. sinny Klcclric ^ jj jgg^ 

Uaiiwav < M . Ma^.oit .niil Hchlcn j jg^g 

Sjt.. t icvrlaml, O. ( 

Vnl Srtjrt Vdi tiiaiihs ‘ ahjiiial ^ ,4,1887 

t . t ajic i'lwii. t api' I'f < •»«•(! j ^ l)«c. 6, 1887 
liM}«?, Afitt I. I 

t in IIP ai !■ :iii‘»Hcn, Ni wtoii Centre, \ A Aug. 6, 1889 

M M *6. 1895 

K.iilM'iiy tamstruc. ^ jgg^ 

ttoM, tacMctai KlrittU* ta»,, hcnc-“. June 17, 1890 

sirvta^U'. ,N, \. { 

‘ .l/RM.iyvc.} I'.ln tiH Mit. *1'^ 

K !r»itM. ia*. Schcncrtatly, N. V* f M April 21, 1891 

I'strlr-.oi ol Physic**, UeiiHsclacr j A Dec, ao, 1893 

pMllircliiiii iMAlitOfr. l'rny, N. Y. ( M June 20, 1894 

Un itiral r.AiM'il. UuthlinK. ( a Func 8, 1887 
m Htoatl Si ; *" 7^1 M Nov. 1,1887 

AvCai Nfw \Mrk. { 

I In till »1 I f»j|inrcf, \Vcsli«Klu»wse ^ ^ April 19, 1892 
t in ir« amt M'I'k I o*. 1 tUstHirg, \ i^j^y ,5^ ,89* 
la 

Divnititt H«p‘l< We»»!crti A June 2O, 1891 

^>w KwaDmi rekphonettmt Id '1 m Dec, 16, 1891 
rj^taph i n., SprinjjUchl, Mfiss. { 

I .Uiot. / /r-r/M. fAr- fe *7 *i8?i 

iii«. N>* Vwk ♦ ity. I W Oct- “ 7 . *“ 9 * 
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Address. ^ Date of Membership. 

Terry, Charles A. Lawyer, Westinghi^se Electric and ( ^ ^ .j gg. 

Y^kcity. Newjj^j/^y ^ 5 . ^^^7 

Thomas, Benjamin Professor of Physics, Ohio (A June 7,1892 

State University, Columbus, O. ( M Nov. 15, 1892 

Thomson, Prof. Elihu (iPast President). Electrician, Gen¬ 
eral Electric, and Thomson Elec- J A April 15. 1884 
trie Welding Companies, Ljuin,! M April 21, 1891 
Mass. 

Thompson, Edward P. Consulting Electrician and Patent f ^ ^ gg 

Attorney in Electrical Cases, 5 ^ ^ Dec 2 iSsJ 

Beekman St.. New York City. { ^ 3 , 188 ? 

Thurnauer, Ernst Manager, Thomson-Houstw In -(a Oct ia 1887 

‘‘H “ t i8i? 

Londres, Pans, trance. ( ' 

Tischendoerfer, F. W. Electrical Engineer, Schuckert & A April 19, 1892 

Co., Nuremberg, Germany. < M Nov. 21, 1894 

Trafford, Edward W. Electrical Engineer, Richmond Rail-(, « . „ 

RkhS V?."-’ ^ ' 9 . 1894 

Turner, William S. President, Woodbridge & Turner f . 

Engin«ri»* O. 47 Times Build- ] * 

mg, New York City. ( ’ 

Uebelacker, Chas. F. Electrical Engineer, 88 Avenue C., (A Feb. 7, 1890 

Bayonne, N. J. | M Nov. 15, 1893 


Uhlenhaut 


Fritz, Jr. Philadelphia Traction Co., 4101 I-Ia- j A May 7, 1889 
verford St., Philadelphia, Pa. (M Dec. 19, 1894 


Vail, J. H. 


Vansize, William B. 


Upton, Francis R. General Manager, Edison Lamp 

Works, Harrison, N. J.: resi- A May 17, 1887 
dence, 107 Day St., Orange,") M Mar. 15, 1892 
N. J. 

Vail, J. H. President and Chief Engineer, Elec¬ 

trical and Mechanical Engineer-) A June 8, 1887 
ing Co., 39 Cortlandt St., New ] M Nov. 1, 1887 
York City. 

Vansize, William B. {Manager.) Solicitor of Patents and ( . a«,.5i tab. 

g.A S53 Broadway, New York | ^ Apnl rj. .|84 

Van Trump, C. Reginald Engineer and Manager, Wilming- ( . 

is:, S 

Waddell, Montgomery Engineer, The Waddell-Entz Elec- j A Feb. 7, 1888 

trie Co., Bridgeport, Conn. {MMay i, x888 

Wait, Henry H. Assistant Electrical Engineer, West- ( . o„„.. 

aru Electric Co., 49.9 Madison ^ .* 1 ” 


Wait, Henry H. 


Waldo, Dr. Leonard 


cm Jiiccuric vwu., dtyiy iwMuiauii^ Tiinp BO iftnri 

Ave., Chicago, 111 . { J”"® 

Waldo, Dr. Leonard Electrical Engineer, Secretary, The ( » ^ 

“ ’’‘■'I M ^ 

Walker, Sydney F. Electrical Engineer, igs Severn j A June 2, 1885 

Road, Cardiff, Wales. {M May 17, 1887 


Warner, Ernest P, 


Electrical Engineer, Western Elec- ( . __ 

trie Co., 227 So. Clinton St., j f J 93 

Chicago, Ill. ' 'IM June 20, 1894 
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Maine. 

Weavicr, W. 1). 

WRtm. UK.K»KR‘‘ l.AWS 

\Vekk>'< 

WEI-R'"'**' ilAKUV w. 

Weston. KowAWt* 


WK 17 . 1 I‘». JOSEI'H 


Addreiis. Date of Membership. 

Mlectricjil I'-ng^neer, Westinghouse ( . 

KtetHcand Mtg. Co., 120 Broad- J =*• f|» 

w.ay, New York City. (“ J““® “• '*»* 

{xVfiimi,i<vr.) 7 West 26th St., New (A May 17, 1887 
York City. {M May 17, 1887 

(.)/rt««.(,vr.) i8 Cortlandt St.; resi-{ . ^ . 211800 

iknce 126 Kast roth St.. New ^ get. 21 1890 

\ ork City. I 

Rooms 301 to 303, National Bank ( . c g eg 
of Kansas City Building, Kansas j j’ jgg' 

City. Mo. ( * ’ 

Klcctricul Engineer, The Wood- (A 6ct. 21, 1890- 
lands, Jamaica, N. Y. (M Nov. 24, 1891 

Hurslfield. 'Hie Avenue, Gipsy Hill, 1 A June 7, 1892^ 
l.omUm, Kng. (MJan. 17,1893. 

{Rmf President.) Vice-Vresident, 

Weston Klectrical Instrument A April 15, 1884 
Co , 120 William St., and 643 M Oct. 21, 1884. 
High St., Newark, N. J. L 

Kditor The Electrical April 15, 1884 

203 Broadway, New York City. JM Dec. 9, 1884 


WHAUtoN. tUiAS. j. 82 Hond «t-. I'^ndon. Eng. 


(A Jan. 3, 1888 
{M May 1,1888. 


wm<Ki.ER. 

|Ulr Mrmlnr.J 


WlENKH, At.KRV-.l> K. 


Wtl.KKS, GlUllkRT 
WlI.l.VOUNlJi Kt.MEH ti. 

WiusoN, Chari.es U. 
WH.HOH, ERRMOM I 


Wilson. Harrv C. 


Winohestrr. a. K. 


WlHT, CHAR».KH 


WoLCorr, Townsend 
Woi.vErt'ON, B. C. 


Sc.n. I’resulent, Crocker-Wheeler jf 

Electric Co., 39 Cortlandt «t-.(A June 2, l88| 
and Ampere, N- J.j residence, 34 J M Sept, i, 1885. 
Gramcrcy Bark, New York City. 1 . 

Electrical and Mechanical Engineer; U iggg, 

residence, 208 liberty St., Sche- •< 
ncctady, N. Y. 1 

Consulting Electrical Engineer, 149 \ A Jan. 7 .1890 
Griswold St., Detroit, Mich. I M Mar. 18, 1890. 

Secretary and Treasurer, talkenau ( ^ Nov. 24, iSgi' 

Engineering Co., Ltd., 1210 Betz-j ^o, 1893 

Building, Philadelphia. i 

.Momulnock BuliainE. Chicago. Ill. | A No.. .89. 

Kleotrician, xo8 Fulton St., and (^ 6,1888 

2153 Seventh Ave., New *nrk-Jj^jmjg 5,1888 
City. ^ 

Supt. of P. 0 . Telegraph with the 19, 1891 

Government, Kingston, Jamaica, -j igga 

West Indies. ' 

Consulting Engineer and IJesimer f ^ g^ 1887 

of I'Uectric Systems, South Nor-■< 1,1887 

walk, Coon. i 

(Afananer.) Consulting Engineer, ggpj^ 8, 1888 
^ 5104 Ncwhall St., Germantown, -jM June 20,1894 

Pa. ^ 

Kloclrlotan, ,«2 B«.oort Building, (A Mar. ^6. .|M 
New York City. ' 

Hlootriolai.. N. Y. & Pi;-f,’, llTs 
and Telegraph Co., Elmira, N. y . (m i c . , 
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Name. 

WOODBRIDGE, J. L. 

Wright, Peter 
Worts, Alexander Jay 
Young, C. Griffith 


MEMBERS 


Address. l-)«le of Membership. 

Secretary and Treasurer, Wood- ( 
bridge & Turner Engineering ( A June 8,1887 
Co., 47 Times Building, New j M Nov. 1,1887 
York City. I 

Inspector of Electrical Works, f ^ , 

United Gas Improvement Co., 807 -j » J * 
Dre.vel Bldg, Philadelphia, Pa; / ^ ^895 

Electrical Expert, Westinghouse . 

Electric & Mfg. Co., Pittsburg, J 9 . 1892 


Pa. 


Electrical Engineer, Whitc-Crosby ( a t„„ , 

Co 706 Equitable Building., 

Baltimore, Md. ^ r % y 


Members, 


273 - 




AJSSOGIATE MEMBEMS 
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ADAMS. CO.MI-ORT A.. .Ik. 

ASSOCIATE MEMBERS. 

Address. 

Instructor in Electrical Engineering, 
Harvard University, 13 Farrar .St., 
t 'ambridge, Mass. 

Date of Election. 

Jan. 17,1894 

AliNKW, CoUNW.It'S R. 

Klectrical Engineer, Kinsman Block 
System Co,, 23 West 39th St., New 
York City. 

Mar. 21, 1894 

Aui.anitSK, tl« 0 

I’ileclrical Expert, CompagnieFrancaise 
'I’homson-lloiision, 27 Rue de Lon- 
<ires, Palis, France 

Sept. 20, 1893 

AH»I.K'‘. iil'NKV 

Key West, Fla. 

Feb. 21, 1893 

Al.DRN, JaMKS ,H. 

Assistant Manager, with L. H. Alden, 
486 River Drive, Passaic, N. J. 

May 19, i89r 

Al.DRU.-n. WlU.JAM S. 

Professor of Mechanical Engineering 
and Director Mechanical Arts, West 
Virginia University, P. 0 . Box 256, 
Morgantown, W. Va. 

Mar. 15, 1892 

Ai.RXANDKR, Harkv 

FUectrical ICngineer, Oeneral Manager 
and Vice Piest. Alexander-Chamber- 
lain Electric Co., 126 I-iberty, and 
34H W, r45th St., New York City. 

April 21, 1891 

Al.KXANORR, P. li. 

Manager, l.ighting Dept., Electric Se¬ 
lector and Signal Co., 45 Broadway, 
New York City. 

Dec. 16, 1890 

Andrrson, Hknrv s. 

(leneral Manager and Electrician, 
United Electric Light Co., Spring- 
(ield. Mass. 

Jan. 16, 1895 


Ani>kksiin*, W. K. 

AnurRws* Wm- H. 


I’rdfessiK of Physics and Electrical En- 
(;ineerinj{, 1 ‘acllk Uutlding, Wash- 
Intjtou, 1 ). C. 

iieneral Electric Co., 

Schenectady, N. Y. 


Sept. 20, 1893 
Nfar. 5,1889 


ANSON. Franki.in Komrk‘ 1- Mananer, SalemCon^Udated Street 

Railway Co., Salem, Ore. feb. 27, 

• •• • *k.T_ 


A»rn„NV, WATSON Webster St. New- 

Atti'iiHOiu Wm. K. WestlnKhouse Electric and Mfg. Co, 

^ " ' 328 E.Kchangc Bldg., Boston, Mass. June 20, 1894 

tttciii.R CtRO 1 ‘. Student in Electrical Engineering, 

Nov.e.,i8M 

AKMSTKb.N,;. CAS. .t J^P«t MOO AudUorta 

AttNnto CkAKJR Electrician and Treasurer, Arnold 

ARNoMn CkAK. K. j,haron ^ „ .go. 

mu. Pa. Nov. 15. 1892 


AKNoMn CkAK* H. 


Ashi.kv, Krawk M. 
Arwoow, Okorok F. 


Master Mechanic, Ashley Engineering 
Works, Hawthorne, N. J., 130 
I.ibcny St., N. Y. . 

Mechanic and I.Aawrence Sts., Newark, 

N.J. 


Nov. 21, 1^94 
Sept. 16, 1890 
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Name. Address. Date of Election.. 

Auerbacher, Louis J. Secretary and General Manager, Auto¬ 
matic Electrical Specialty Co., 136 
Liberty St., New York City. Sept. 20, 1893.. 

Babcock, Clifford D. Borne, Kanawha Co., W. Va. Feb. 2r, 1894. 

Badt, Lieut. Francis B. Electrical Engineer, Siemens & Halske 

Electric Co. of America, 1215 Mon- 
adnock Block, 6506 Lafayette Ave., 

(Englewood), Chicago, 111 . April 19, 1893 

Barbour, Fred Fiske Manager, Power and Mining Depart¬ 
ment, Pacific District, General 
Electric Co., 15 First St., San 
Francisco, Cal. May 16, 1893. 

Barnard, John H. Vice-President and General Manager, 

Wilmington Street Railway Co., 

Wilmington, N. C. June 26, 1891 

Barnes, Edward A. Electrical Expert, Fort Wayne Elec¬ 
tric Co., Fort Wayne, Ind. Sept. 20, 1893. 

Barstow, William S. General Supt., Edison Electric lliumi- 

nating Co., 360 Pearl St., Brooklyn, 

N. Y. Feb. 21, 1894. 

Barth-Bartoshevitch, a. Mechanical and Electrical Engineer, 

[Address unknown.] May 16, 1893. 

Bartlett, Edward E. Member Firm Bartlett & Co., 23 Rose 

St., New York City. June 6, 1893. 

Barton, Enos M. President Western Electric Co., 227 

South Clinton St., Chicago, Ill. July 12, 1887 

Barrett, John A. Elektron Mfg. Co., 126 Liberty Street, June 8,1887- 

New York City. 

Bates, Frederick C. Electrical Engineer, Union Elektrici- 

tiits Gesellschaft, Berlin, Germany. Jan. 20, 1891 

Bauer, W. F. Electrician, 313 High St., -Newark, 

N. J. April 15, 1890- 

Beattie, John, Jr. Manager and Superintendent, The 

Beattie Battery, Zinc and Electric 

Co., Fall River, Mass. Sept. 6, 1887 

Bedell, Dr. Frederick, Assistant Professor in Physics, Cornell 

University, Ithaca, N. Y. April 2i, 1891 

Bennett, Edwin H., Jr. Electrician and Engineer, Diehl & Co., 

Elizabethport, N. J., and 17 E. 33d 

St., Bayonne, N. J. June 20, 1894 

Bennett, John C. Electrician, General Electric Co., 

Box 3067, 44 Broad St., New York 

City. Mar. z8, 1890- 

Bentley, Merton H. Chicago Telephone Co.: residence, 

221 Scoville Ave., Oak Park, Ill. Oct. 18, 1893. 

Berg, Ernst Julius Engineer, General Electric Co.; resi¬ 
dence, 53 Washington Ave., Sche¬ 
nectady, N. Y. Sept. 19, 1894. 

Bergholtz, Herman Secretary and Treasurer, Ithaca Street 

Railway Co., Ithaca, N. Y. April 2, 1889. 

Berliner, Emile Inventor, Columbia Road, between 

Fourteenth and Fifteenth Sts., 

Washington, D. C. AprU 15, 1884 
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Namv. Address. Date of Election. 

BKRRKSlfORD, Ari'UUR W., if. S., M. E. Electrician, Brooklyn 

City R. R. Co., 197 Van Buren St., 

Brooklyn, N. Y. May 15, 1894. 

Bji'kimoM}, Victor M. I’atent Department, American Bell 

Telephone Co., 125 Milk St., Bos¬ 
ton; residence, 16 Upton St., Cam- 
biidgeport, Mass. May 17, 18^2; 

A. r. Electrical Engineer, St. Augustine, 

Florida. Feb. 21, 1894' 

ft 1 U. N. Acting General Manager, The Met- 

f __..._rp^l,_«__j _i_ 


Ri.'sr A. r. Electrical Engineer, St. Augustine, 

Florida. Feb. 21, 1894 

BE'iiiKU., U. N. Acting General Manager, The Met¬ 

ropolitan Telephone and Telegraph 
Co., 18 Cortlandt St., N. Y. City. Jan. 17, 1894 

BljuR. ]osKTU Student in Electrical Engineering, 

^ '' Columbia College, residence, 41 

West 53d St., New York City. May 15, 1894 

Biaok Ch/vs. N. Brush Electric Co., Belden St., Cleve- 

’ land, O. Feb. 7 t 189^ 

BlAHK** Harry H. General .Superintendent, The Detroit 

Motor Co., 1343-55 Cass Ave., De¬ 
troit, Mich. April 19, 1892 

liiAKi.' llKNRV W. ICditor, Street Railway Journal^ 26 

BUAKI., ui.r.R C:ortlandt St.. New Yorlc City. Nov. 13, 1888 

Bi AKK. TliBunORK W. Electrician, National India Rubber 

Co., Bristol, R. I. Sept. 20, 1895 

Bi ANt'tiARl), CIIARLKS M, i2oy Betz Building, Philadelphia, Pa.; 

residence, 5113 Pulaski Ave., Ger¬ 
mantown, Pa. Sept. 19, 1894 


B1.AOK, Chas. N. 
Bi.AnKs, Harry H. 


BUAKK, Hknry W. 


B1.I8S, DoNAr,i> M. 


Bi.iss, GKt»R*iK S. 


Buss, Wm. J. a. 


Electrician, Holtzer-Cabot Electric 
Co., t Davis Court, Washington 
St., Brookline, Mass. Feb. 7, 1890 

Electrical Engineer, Central District 
and Printing Telegraph Co., Tele¬ 
phone Bldg,, Pittsburg, Pa. June 20, 1894 

820 Connecticut Ave., Washington, 

D. C. Jan- 2 o» 1891 


Buss. Wn.UAM L., A*. S., At. M. B. Electrical Engineer, Riker 

Electric Motor Co.; residence, 24 

Irving Place, Brooklyn, N. Y. Mar. 21, x894'. 

BuzAttti, CilARi.KS Hales Agent, Electric Storage Battery 

Co„ 66 Broadway; residence, Pas¬ 
saic, N, J. Nov. 21, 1894 

Blood Ioiin B. Assistant Engineer, Railway Dept., 

BLOOD, JOHN Electric Co., Schenectady, 

Y. June 20, 1894 

W. Henkv J«. April ...88, 

S.P.. 80, .8,3 

BCAKI', A. UviNriS-roN *:lMrtal^.n^_ K Yorf^ty"’ ” Joly .o, .888 

Boogs, Lkmdkl Stearns Lafayette, Ind. Sept. 20,1893 

ruAUTve T Manufacturer an<l Dealer in Electrical 

Bo(.OE, CHARLES J. aoG Centre St., N.Y. City. Dec. 3,1889 


Sept. 20, 1893 
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ASSOCIATE MEMBERS 


Name. Addre&s. 

Bohm, Ludwig K., Ph.D,, Consulting Electrical and Chemical 

Expert, H7 Nassau St., N. Y. City. 

Boileau, William E. Superintendent and Electrician, Brush 

Electric Light & Power Co., Colum¬ 
bus, Ga. 

Bottomley, Harry ' Electrical Engineer, Supt., Marlboro 

Electric Co., Marlboro, Mass. 

Boughan, Edward L. Supply Agent, American Telephone 

and Telegraph Co., 153 Cedar St., 
New York City. 

Brackett, Prof. Cyrus F. Princeton, N. J. 

Braddell, Alfred E. Electrical Inspector, Underwriters* 

Association, Middle Department, 
31O Walnut St., Philadelphia, Pa. 

Brady, E. D. A. Consulting and Constructing Engin¬ 

eer, Lock P. O. Box, 132, Waterbury, 
Conn. 

Brady, Frank W. Electrical Engineer, Wellsburg, W. 

Va. 

Brady, Paul T. Manager, Central N. Y. Agency, West- 

. inghouse Electric and Mfg. Co , 
Syracuse, N. Y. 

Bragg, Charles A. Manager Phila. Agency, Westing- 

house Electric and Mfg. Co., 302 
* (Hrard Building, Philadelphia, Pa. 

Breithau.pt, E. Carl Electrical Engineer, Berlin, Ont. 

Brixey, W. R. Proprietor and Manufacturer, Day’s 

Kerite Wire and Cables, 203 Broad¬ 
way, New York City. 

Broich, Joseph Superintendent and Electrician, with 

F. Pearce, New York City; resi¬ 
dence, 448 8th Ave. j Brooklyn, N. Y. 

Brophy, William 17 Egleston St., Jamaica Plain, Mass. 


Brown, Alex. S. 
Brown, Edward D. 

Bryant, Waldo C. 
TBubert, J. F. 

Buck, Harold W. 

Buckingham, Chas. L. 

Bunce, Theodore D. 


Electrical Engineer, 397 St. Nicholas 
Ave., New York City. 

District Inspector, American Tele- 
ptione and Telegraph Co., 18 Cort- 
landt St., New York City; residence, 
75 Hicks St., Brooklyn, N. Y. 

Manager and Treasurer, The Bryant 
Electric Co., Bridgeport, Conn. 

Supervising and Contracting Electrical 
Engineer, 620 Atlantic Ave., Bos¬ 
ton, Mass. 

Student in Electrical Engineering, 
Columbia College: residence, 14 E ast 
45th St., New York City 

Patent Attorney, Western Union Tele¬ 
graph Co., 195 Broadway, P. O. 
Box 856, New York City. 

The Storage Battery Supply Co., 239 
E. 27th St., New York City. 


Date of Election. 
Nov. 15, 1892 

Sept. 19, 1894 
April 2, 1889 

Dec. 21, 1892 
April 15, 1889 

Sept. I, 1890 

Sept. 19, 1894 
June 20, 1894 

July 12, 1887 

Sept. 20, 1893 
June 6, 1893 

Sept. 20, 1893 

Jan. 17, 1894 
Mar. 5, 1889 

Jan. 7, i8go 

r » 

Sept. 19,1894 
May 16, 1893 

June 7, 1892 

Jan. 16, 1895 

April 15, 1884 
May 20,1890 
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jiijaiui*. Address, ' Date of Election. 

iamks Kit m of IIcrrick & Burke, 203 Broad- 

” * "“‘y. New York City. May 16 , 1893 

ij.,«Mi. rT 1 >oih;j.as. I’.tlison Illuminating Co., Inspection 

’ Dept., 55 Duane St., New York 

City; residence, 42 Livingston St., 

Hrooklyn, N. Y. Feb. 21 , 1893 

... I'.KO. D. Klfotrician and President, Electrical 

’ Knifing Co., 194 Washington St., 

Hi»ston, Mass. April 21 , 1891 

Wll.i.lAM C. With White-Crosby Co., Equitable 

Bklg. Baltimore, Md. Sept. 20 , 1893 

tin ri i r Wu.MAM t \ I’resiilenl, The Puget Sound Reduction 

t 'o., Everett, Washington. Mar. 21,1893 


Buys Amh-ht Electrical Engineer, Rutherford, N. J. Feb. 7 , 1896 

roioT loltS Ai.l’Hi l* KleotricUin, 123 W. 8 th St., Cin- 

cinnati. O. May 16,1893 

I'Ainwi-it KtnvAHit Roihtiay Jounuil, Havemeyer 

’ BUlg., New York City. Jan. 20,1891 

iMtUDVfM'S, Prunrielor Western Electric Construc- 

( AU-wi i.J. • ,tV„, Co., 503 Delaware St.. Kansas 

t.:ity, Mo.; residence, 151 Henry St., 

Hrooklyn, N. Y. Sept. 22 . 1891 

f'Aii.wi n Francis C Av.sistant Profe.ssor of Electripil En- 
ivA ^tutecring. Ohio State University, 

t ‘olunibus, O. June 20 , 1894 

CA, '••'‘v'lrtciiy. sept. .7,.8,» 

emm Mn-tiiN.'. 18 Citato. St., 


Carson. David 1 . 


Dec. 20,1893 


canmw..., . ..■ Feb. . 1 . 18,3 

Ca,Mah... '*■ Dee. . 8,3 

.:An.n..,..p, K. K. 

a 53 Broadway, New York City. Mar. 21 , 1894 

A, It.,.,,. I Wv. and (Jen. Supt., The Southern 

Carson. 1 A\ I . ' 'Uell Telephone Jiml Telegraph Co., 

i 8 Cortlandt St., New York City, Dec. 21 , 1892 
Cartwrhjut. FHCh'K C. Klectrical Engineer and Agent, Fort 

CARiWKioiu, ^ and 43 

Hievenson St., San hrancisco, Cal. Sept. 22 , 1891 
CariY i. I. (AfntuiMt'r.) Engineer, Metropolitan 

Aprt. . 3 . . 8,0 

—a 

Cahk, \Vm.i.aki. Iv. f* F'»rt S'- A"'”'™’ ''• ’’ 

CASPK., iA,u.A ^ , 

Mo. ^ ’ 

CuAiiitbttRNR, IlKNKY K., JIfoy C y 15,1894 
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Name. Address. 

Chamberlain, F. H. Electrician, Metropolitan R. R. Co., 

2411 1 * St., N. W. Washington, 
D. C. 

Chase, Harvey Stuart Mechanical and Electrical Engineer, 

136 Liberty St., New York City. 

Cheney, Frederick A. Secretary, Treasurer, and General 

Manager, The Elmira Illuminating 
Co., Elmira, N. Y. 

Chermont, Antonio Leite Engineer, Box 252, Para, U. S. 

Brazil. 

Chesney, C. C. Electrician, Stanley Laboratory, Pitts¬ 

field, Mass. 

Childs, Arthur Edwards, B. Sc. M.E E.E. Electrical En¬ 
gineer, Westinghouse Elec, and 
Mfg. Co., 302 Girard Bldg., Phila¬ 
delphia, Pa. 

Childs, Sumner W. Columbus Central Railway Co., Col¬ 
umbus, O. 

Childs, Walter H. Brattleboro, Vt. 

Chinnock, C. E. 137 Sixth Ave., Brooklyn. N. Y. 

Chubbuck, H. Eugene Electrical Engineer, Pueblo, Col. 

Claelin, Adams D. President, Perkins Lamp Co., and of 

Claflin & Kimball, (Inc.), Electrical 
Contractors, Room 53, no Boylston 
St., Boston; residence, Newton Cen¬ 
tre, Mass. 

Clark, LeRoy, Jr. Electrician, Safety Insulated Wire and 

Cable Co., 229 West 28th St., resi¬ 
dence, 350 West 30th St., New York 
City. 

Clement, Lewis M. 1013 Central Ave., Oakland, Cal. 


Date of Election. 

June 17, 1890 
.Sept. 19, 1894 

Oct. I, 1889 
Mar. 18, i8go 
June 20, 1894 

June 20,1894 

May 15, 1894 
Sept. 6, 1887 
April 15, 1884 
Dec. 4, 1888 


June 7, 1892 

May 15, 1894 
April 21, 1891 


Cleveland, Wm. B. [Address unknown.] 


April 15, 1884 


Clough, Albert L. Box 114, Manchester, N. H. Feb. 21, 1894 


Cobb, John S. [Address unknown.] June 17, 1890 

Coffin, Chas. A. General Electric Co., 620 Atlantic 

Ave., Boston, Mass. Dec. 6, 1887 

Cogswell, A. R. Electrician and Superintendent, Hali¬ 

fax Illuminating and Motor Co., 

Ltd., 34 Bishop St., Halifax, N. S. April 21, 1891 

Coho, Herbert B. H. B. Coho & Co., Electrical En¬ 
gineers, 203 Broadway, New York 
City. Mar. 2l, 1894 

Colgate, Geo. L. Electrical Engineer, 136 Liberty St., 

New York City. June 17, 1890 

Colley, Benjamin W. First Ass’t. Superintendent, The 

Commercial Cable Co., Plazel Hill, 

N. S. Oct. 2t, 1890- 

Colville, Frank C. Electrician and Inventor, 1503 Seventh 

Ave., Oakland, Cal. May 19, 1891 

Colvin, Frank R. Pre.sident, Interior Telephone Co., 203 

Broadway, New York City. April 18, 1894 
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>iamc. Address. 

/• ..I.IIIN Ai 1 ‘ 14 KI> tl. rr<*fessor of Applied Mathematics, 

■ College of the City of New York, 

t7 I.uxington Ave., New York City. 

CoMSittfK, Monadnock Building. Chicago, 111 . 

Cuari^KS A. Electrical Engineer, Superintendent, 

' ’ ’ Northern Improvement Co., 591 

lliwHlSt., Portland, Ore. 

V Kui’V>. B. Consulting Engineer, 114 Chandler 

St., Holton, Mass. 

CtniNKl i-, E. Electrical Engineer. Hamilton, O. 

n Wlt.t.iAM K. C, Assistant Electrical Engineer, The 

• Eddy Electric Mfg. Co.. Windsor, 

i'mxn. 

/’...V Cl E. Professor of Electrical Engfineering, 

* University of California, Berkeley, 

tUil. 

.•.w POMUNOV. Student in Electrical .Engineering. 

CoX, El . f *.Cf*llr»«rer residence. SO 


,• V PoMUNi. V. Student in Electrical .Engineering, 

tox. CoKimbia College; residence, 50 

East 3ISI St., New York City. 

/"...Kit.*! I fm-vi-KR IE .Assistant Treasurer. Western Elec- 
Cranik-vm,. cue ^ South Clinton St.. 

Resitlence, 4438 lilllis Ave. Chi¬ 
cago, lit. 


Date of Election. 

Nov. 1,1887 
Dec. 20, 1893 

April 19, xSg? 

Dec. ao, 1893 
Feb. 7 1890 

Jan. 17,1893 

April 19, 1892 

» 

Jan. i6, 189s 


W E. IE Manager ElectricalDepartment H. W. 

CranIv. w. jahns Manufacturing Co., 87 

Muiden Eaue, New York ^ty; 
residence, 24 Halstead PI., East 
Orange, N. J. 

cuifACMirAP Thomas J. President and (leneral Manager, 
Crlaiuii.a , i Oreaghead Engineering Co., 296 

Plum St., Cincinnati, O. 

1 I 


Sept. 27,1899 


Feb. 7 i 1888 


Sept. 20,1893 


N. IE 

. f w Manager, Southern Bell Telephone 

LRRW.s, J. W. ^^'and^'Telegniph Co , Telephone Ex- 

tdiange, Norfolk. Va. 

J..HN K. 

A,... 

CIIMNKH, A«tii«k ! 1. s S!“69 l*rMd°St.,SkBtoii, 

Mass. 

CtiNiJ ohannes IE imtiwT ofTec^Sogy! 

325 Hudson St, Hoboken, N. J. 

ruuTis Cha« (I President, Curtis Electric Mfg. Co., 

CUR I IS CHAR. V». ^ City^ 

PosniNi- F W PUectrical Engineer, 1106 The Rookery, 

UtsHiso. b. W. Chicago. 111 . 


Dec. 21, 1892 


Sept. 19, 1894 
June 20,1894 
Mar. 18, 1890 


June 20, 1894 


Feb. 27,1895 


CURTIS, Char. fE 
CusHlsr;, F- W. 


Mar. 5 .1889 
April 15, 1884 
Nov. 24, 1891 
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ASSOCIATE MEMBERS 


Name. Address. 

Cushing, Harry Cooke, Jr. Electrical Inspector, Boston Board 

of Fire Underwriters, 55 Kilby St.; 
Residence, 259 Beacon St., Boston, 
Mass. 

Cushman, Holbrook Instructor in Physics. Columbia Col¬ 
lege, 337 West 22d St., New York 
City. 

daCunha, Manoel Ignacio Manager of the Electrical Section, 

Emprera Industrial Gram-Para, 
I’ara, U. S. of Brazil. 


Dame, Frank L. 


Dana, R. K. 


Engineer, General Electric Co., Port¬ 
land, Ore. 

Agent, Washburn and Moen Mfg. 
Co., 16 Cliff St., New York City. 


Darlington, Frkdhric’W. Consulting Electrical and Mechani¬ 
cal Engineer, 5O3 Girard Building, 
Philadelphia, Pa. 

Davenport, C, G. E.xpert and Agent, General Electric 

Co., 44 Broad St., New York City. 

Davenport, George W. 61 Ames Bldg., Boston, Mass. 

Davidson, Edw. C. Patent Lawyer, Room 179 Times 

Bldg., New York City. 

Davis, Delamork I,. Superintendent. Salem Electric Light 

and Power Co., 299 Lincoln Ave., 
Salem, O. 

Davis, Joseph P. Engineer, American Bell 'relephone 

Co., H3 W. 38th St., New York 
City. 

Decker, Delbert H. Solicitor of Patents, with H. C. 

Townsend, 5 Beekman St., New 
York City. 

dkKhotinsky, Capt. Achilles, Late Chief Electrician, and 

n'orpedo Officer, Imperial Russian 
Na>^, Marlboro, Mass. 

deLancey, Darragh Manager of Kodak Park Works, East¬ 
man Kodak Co. , Rochester, N. Y. 


DeLand, Fred Publisher, Electrical Engineering, 436 

The Rookery, Chicago. Ill. 

Denison, Sylvester P. 143 Centre St., New York City; resi¬ 
dence, Belleville, N. J. 

Denton, James E. Professor of Experimental Mechanics, 

Stevens Institute of Technology, 
Hoboken, N. J, 

Desmond, Jere. A. Electrical Engineer, Kingston, N. Y. 

Dey, Harry E. 342 Tenth St., Brooklyn, N, Y. 

Dickerson, E. N. Attomey-at-Law, 64 E. 34th St., New 

York City. 

Doane, S. Everett 68 Park PI., Newark, N. J. 

Dobbie, Robert S. Electrical Engineer, 43 Wellington 

Park, Clifton, Bristol, Eng. 

Dodge, Prof. Omknzo G., U. S. Navy, Navy Dep’t, Washing- 
“ ton, D. C. 


Denton, James E. 

Desmond, Jere. A. 
Dey, Harry E. 
Dickerson, E. N. 


Date of Election. 


Sept. 19, 1894 


June 5, 1888 


May i6, 1893 
June 26, 1891 
April 15, 1884 


Sept. 19, 1894 

Nov. 21, 1891 
June 4, 1889 

Feb. 7, 1890 


April 2, 1889 


April 15, 1884 


Sept. 20, 1893 


Oct. 27, 1891 
Sept. 19, 1894 
Feb. 16, 1892 
Jan. 16, i8gs 


July 12, 1887 
Jan. 19, 1892 
Dec, 19, 1894 

April IS, 1884 
Aug. 6, 1889 

Feb. 5, 1889 

Sept. 20, 1893 
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Address. • Date of Election^ 

.......np Kr.an/ 1 . Draughtsman, Chicago Tele- 

•• nhnne Co.; residence, 71 Potomac 

Ave., Chicago, 111 . Oct. 17.1894 

. . 11 H F.. Manager .ami lilectrician, Roaring 

1)001,1 • I ■ Fork Fleelric Light and Power Co., 

Aspen, Colo. May I 5 » 1894 

. ..I Thomas H, Kngineering Department, American 
pooMiUR. I'io.. Telephone Co., 125 Milk St.. ^ ^ 

Hoston, Mass. May 16, 1893 

p„KBn., A. S 9 W. sm S.,, Ne« 

. i.«ank U. Flcctrical Engineer, General Electric 

Dork, 1 > ^ Monadnock Building, Chicago, 

• t. 


1.W.V.M ■ MonatinoCK OUliumg, v..nicago, 

III/ May 15, 1S94 

, . Engineer, Public Lighting Commis- 

Dow, .AKV-N Detroit, Mich; Jaept. 20,1893 

Uk,«si.|,.k. '■ ’A-xiuKtot. Ave., New York City. Dee i 6 . .890 

...Will 1AM A. Consulting Electrical Engineer, Hale 

DrysPAI.K. Philadelphia, Pa. Sept. 19. 1894 


... AN- I-HUMA. Electrician. Lalioratory Fort Wayne 

DUS' AN. Klcclrlc Corporation, 407 Eroadway. 

Fort Wayne, Ind, Oct. 17, i 894 

. »• l•*l^•l•tru•ian Care of Pacific Rlectvi- 

DUNN, ' 'ri,Fnmcieeo, Cal. Oct. 17.1894 


DUKANL EoWARt* 


DUUANT. <»*•'»■ 


Electrician, Gas Engine Plants tor 
Electric Light and Heat, 39 Oort- 
landt St.; residence, n 5 East 26th 
Ht.. New York City. Nov. 15. i» 9 ? 

Viec-Pres't Bell Telephone Co., of Mo., 

Stl No. 4th St., St. Louis. Mo. Apnl 15. 1884 


Dyrb, FHANiT^ MAHON Asj.jciate fj?. ^eneV. ^ 

355 Lenox Ave., New York City. Sept. 19. 94 


EiuiV, IE *'• 


jaee ao, , 8,4 


EUKN. MoHt'»N EiiWAHn Dnderwriters’ Association of 

the Middle llepartmeiri, l^dadel- 
pbla. Pa.; residence, 83 Fourth Ave.. 

Pitlshurg, I’a. 

K.,wa.,.s J 4 «. ' April ,9. ,89. 

W-. O. ... WfS 

residence, 4230 l.l’ester Av ., ^ 

dclphia. Pa. 

K,... -VSn t. , N« "" sept. , 3 ,* 

EKxrROM, Axitl Hamilton'’Are., ,7.1890. 

t.von. Mass. 


Eirn.n/., Chas. L 
Ekstkom, Axki, 
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Name. Address. 

Eley, Harris H. Electrical Workshop Supt. W. C. & S. 

W, Telephone Co., 88 Colston St., 
Bristol. Eng. 

Ellicott, Edward B. Superintendent of Construction, West¬ 
ern Electric Co., 4438 Ellis Ave., 
Chicago, Ill. 

Elmer, William. Jr. Firm of Elmer & Hall, Consulting and 

Contracting Electrical Engineers, 
25-26 Forst-Richey Building, Tren¬ 
ton, N. J. 

Ely, Wm. Qrosvenor, Jr. 239 5th St., Niagara Falls, N. Y. 

Emmet, Herman L. R. Publisher and Printer, 36 Cortlandt 

St., New York City. 

(Entz, Justus B. Electrical Engineer, Accumulatoren 

Fabrik, Hagen, Westphalia, Ger¬ 
many. 

Erickson, F. Wm. Edison Electric Illuminating Co., 3 

Head Place, Boston, Mass. 

Essick, Samuel V. Electrician, The Essick Printing Tel. 

Co., Yonkers, N. Y. 

Etheridge, Chas. Locke Chicago Telephone Co.; residence, 

4714 Kenwood Ave., Chicago, Ill. 

Etheridge, E. L. Electrician, with Equipment Dep’t, 

Navy Yard; residence, 66 No. 
Oxford St., Brooklyn, N, Y. 

Eyre, M, K. Assistant to Manager of Lamp Sales, 

General Electric Co., Harrison, N. J. 

Farnsworth, Arthur J. Chief Engineer, Larchmont Electric 

Co., Mamaroneck, N. Y. 

Fay, Thomas J. “C. & C." Electric Co., 143 Liberty 

St., New York City. 

Fielding, Frank E. Chemist and Assayer, Virginia City, 
[Life Member.] Nev. 

Fischer, Gustave J. Engineer for Tramway Construction, 

Public Works Department, Sydney, 
N. S. W. 

Fish, Walter C. General Electric Co., Lynn, Mass. 

Fisher, Henry W. Electrician and Director of Elec, and 

Chem. Laboratories; The Standard 
Underground Cable Co., Pittsburg, 
Pa. 

Fiske, Henry G, Electrician, 45 E. 22d St., New York 

City. 

Fiske, J. P. B. Electrical Engineer, General Electric 

Co., Lynn, Mass. 

Flack, J. Day 252 West 85th St., New York City. 

Flagg, Stanley G., Jr. Stanley G. Flagg & Co., 19th St., 

.and Penna. Ave., Philadelphia, Pa. 

Flanagan, Thomas Francis Supt. and Electrician, Port.smouth 

Gas Light Co., Portsmouth, N. H 

Flather, John J. Professor of Mechanical Engineering, 

Purdue University, Lafayette, Ind. 


Date of Election. 
Jan. 7, 1890 

Sept. 19, 1894 

Mar. 18, 1890 
Mar. 21, 1893 

April 15,1884 

Jan. 7, 1890 
.Sep. 19, 1894 
May 19. 1891 
Oct. 17, 1894 

Dec. 20, 1893 
Oct. 17, 1894 
Jan. 16, 1895 
June 26, 1891 
Sept. 6, 1887 

Jan. 20, 189s 
June 26, 1891 

Jan. 16, 1895 
Nov. 12, i88g 

June 17, 1890 
Dec. 6, 1887 

April 18, 1893 

Jan. 17,1894 

April 19, 1892 
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N«m«. 

C. 

KREsrii, Cuarj.es 

Ki.iN i . Her TR AM I'. 

Fi.001', j. J'’- 
FI.0V. Henry 
KoOJ K. A« J EN U. 
KiwrE, CnARi.i>;s W. 
Foote. Tutw. II. 

fttUllES, KRANE'IS 
FoRUES. lll-.OR«;E 

I'ORU. VVM. S. 

I’RANtMSHt, M. J* 


Address. Date of Ejection. 

East Chicago, Inch Sept. 20, 1893 

Electrician, Navy Yard, N. Y.; resi¬ 
dence, Jamaica, N. Y. Oct. 18, 1893 

Electrical Engineer, Allgemeine Elek- 
tricitats-Gesellschaft, 22 SchiSbauer- 
dainin, Berlin, N. W. Germany. Sept. 27, 1892 

hUcctrical and Mechanical Engineer, 
witli Chas. H. Davis, 120 Broadway, 

New York City. Jan. 17, 1894 

Sup’t Steubenville Street Railway Co., 

Steubenville, O. Mar. 18, 1890 

Westinghousc Electric and Mfg. Co., 

Pittsliurg, Pa. May 17, 1892 

Special Agent, Electrical Industries, 

U. S. Census, Takoma Park, D. C. April 21, 1891 

C!ansulting Electrical Engineer, 

Pomona, Cal. Sept. 22,1891 


t.'onsulting Electrical Engineer, 215 
West 125th St., New York City. Apnl 21,1891 

Lawyer, 32 Nassau St., New York City. Sept. 16, 1890 


Electrical Engineer, 34 Great George 
St., London, Eng. 


Feb. 21, 1894 


Assistant to Chief Engineer, The 
American Bell Telephone Co., 
Room 73, 125 Milk St., Boston, 
Mass. 


President and General Manager, Rut¬ 
land Electric Light Co., Rutland, 

Vt June 17, 1090 


KtiAVi/j'S' Arthur Krantzen & Bennett, Electri^ Con- 
tRANl/J-.s, ARiiiuH tractors, 84 La Salle St., Chicago, 

111 . ^ 

.. .. .M WiiitAvi 11 Tutor in Electrical Engineering, 

II. ColumbtaColl^; 

residence, 120 W, I25t*h St., New 
York City. 

KRFNfH, viun . T'JUi.mas. Ju. /Vj./L Avondale, Cincinnati, 0. 

c...Kn,s r. 

K.,«. U. 

Fbvk, llrN«v W. ('laylnn. N«M«cIco. 

KkaNK ti. 

K,,.yv. K. O,.. 

iURLAliBR. KihvaRU IL Madisoi, 

Avc., New York City. 

J. FhbU. Electrician. Swift & Co., Chtcago. HI. 


Feb. 21, 1894 


Mar. 18, 1890 
Sept. 20,1893 

June 6, 1893 

Jan. 16. 1895 

Dec. 20, 1893 
May 16, 1893 

Oct. 19, 1894 

Mar. 5 . 1889 


Jan. 19 » 1895 
Mar. 21,1894 
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Name. 

Gardanier, George W. 

Gerry, Edward M. 

Gerry, James H. 

Gerry, M. H., Jr. 

Gerson, Louis Jay 

Gesseaume, Charles 

Giles, Walter A. 

Gilliland, E. T. 
Glading, Frank W. 


Address. 

Electrician, Western Union Tele* 
graph Co., 195 Broadway, New 
York City. 

Western Electrical Instrument Co., 114 
William St.; residence, 181 Wash¬ 
ington St., Newark, N. J. 

Superintendent, The Self-Winding 
Clock Co., 163 Grand Ave., Brook¬ 
lyn, N. Y. 

Engineer, St. Paul Office, General 
Electric Co., 3333 Cedar Ave., 
Minneapoiis, Minn. 

President and Electrical Engineer, 
The Gerson Electrical Co., 8og San- 
som St., Philadelphia, Pa. 

Draughtsman, 78 Sheffield St., New¬ 
ark, N. J. 

Goubert Mfg. Co., 29 Cortlandt St., 
New York City. 

Pelham Manor, N. Y. 

I DeWilt Ave., Ithaca, N. Y. 


Gladstone, James Wm, Manager, Edison Mfg. Co., no East 

23d St.; residence, West Orange, 
N. J. 

Goldmark, Ciias. J. Electrical Engineer, 49 Liberty St., 

and 473 Park Ave., New York City. 

Goldsdorough, Winder E., M.E., Associate Professor of Elec¬ 
trical Engineering, Purdue Univer¬ 
sity, Lafayette. Ind. 

Gorton, Charles Civil Engineer, Belmont, N. Y. 

Gordon, Reginald Tutor in Physics, Columbia College, 

residence, 339 I..exingt<jn Ave,, New 
York City. 

Gossi.er, Piiilie G. Electrical Engineer, United Electric 

Light and I’ower Co.; 108 Fulton 
St., New York City. 


Graham, George Wai.i.ace Secretary, Interior Telephone Co., 

203 Broadway, New York; resi¬ 
dence, 163 Hicks St., Brooklyn, 
N. Y. 


Gray, W. N. 


Griffin, Capt. Eugene 


Gross, S. Ross 
Grower, George G. 

Guy, George HELI 


Electrical Engineer, 200 Ncave Build¬ 
ing, Cincinnati, O. 

First Vice-President, General Electric 
Co., Schenectady, N. Y.; residence, 
323 State St, Albany, N. Y. 

Electrician, Tennessee Coal, Iron and 
R.R. Co., Ensley, Ala. 

Electrician and Chemist, Ansonia 
Brass and Copper Co., Ansonia, 
Conn. 

Secretary, The New York Electrical 
Society, 534 Temple Court, New 
York City. . 


Date of E 
April 18 

Feb. 21 

April 18 

April i£ 

Sept. 19 

Feb. 21 

Nov. I 
April 15 
May 15 

April i£ 
June s 

Mar. 21 
Nov. IS 

Feb. 24 

June 2C 

Dec. ic 
Oct. 1 

Feb. -i 
May i;; 

Mar. if 
May x€ 
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Name. . Address. Date of Election. 

H ADA WAY, W. S., Jr. Electrician, Central Electric Heating 

Co., 26 Cortlandt St., Mew York 

City. Nov. 21, i8q4 

Haddry , Arthur I.. Assistant Electrician to Chief Electri¬ 
cian and Gen’l Supt.. Fort Wavne 
Electric Corporation, 149 Grifiitli 
St., Fort Wayne, Ind. Oct. 17, 1894 

Hadley, Warren, B. 30 Cortlandt St„ New York City. June 26, 1891 

Halt., Edward J. Vice-President and General Manager, 

American Telephone and Telegraph 
Co., 18 Cortlandt St, New York 
City. April 18, 1893 

Hall. Edwin H. Assistant Professor of Physics, Har¬ 

vard College, Gorham St., Cam¬ 
bridge, Mass. SepL 3,1889 

Hall, William P. President, The Hall Signal Co., Vice- 

President The Johnson Railroad 
Signal Co.. 80 Broadway, New York 
City. Sept. 16, 1890 

HAtSEV, WIIXIAM B. Mt Elton 

HAMMAT,'. CutREHCE S. Sn|t,^I^k^»™^El.ctric Lljh, Co., 

HANCOCK, I. M. cSo, W,’ M«y •9. 

Handley, Arthur [Address unknown.] Dec. 16,189a 

PIAKDING, H. McL. 253 Broadway, New York City. May 24, 1887 


IIarkinoton.Waltrr E. Electric 

Hakms, Gkokoe H. ^octric Car Shops. ^ 

HAnKtooK. Hakolo Feb. at. >8^ 

HAKT. Ekancs R. 

■ SlTosM."”' ‘ ApH. at. 


Hartman, Herreht I • 

Hatzel, J. C. 

Haviland, Foster I.. 
Heath, Harry E. 

Healy, Louis W. 

Hedenbero, Wm. L. 


Works Engineer, Peterborough Fac¬ 
tory, Canadian General Electric Co., 

Sborough, Ont. , Mar. ai. I 8 p 9 

Electrical Engineer and Contractor, 

114 Fifth Ave., New York City. Sept. 3 , ioo 9 

163 St. Nicholas Ave., New York City. May. 15.1894 

Mar. a.. .8,3 

Firm of Hedenberg & Kinsey, Con- 
suiting and Conrttuctmg Engin¬ 
eers, 108 Fulton SU residence, 83 
Clinton Place, New York City. zi, 9^ 




908 


AaaoaiATE members 


Name. Address. ' Date of Election. 

Henshaw, Frederick V. Electrical Engineer, The“C. & C." 

Electric Co., Garwood; P. O. West- 

field, N. J. Feb. 5, 1889 


Hewitt, William R. Superintendent, Fire Alarm and Police 

Telegraph, 9 Brenham Place, San 
Francisco, Cal. 

Hewlett, Edward M. Electrical Engineer, Railway Dept. 

General Electric Co., Schenectady, 
N. Y. 

Higgins, Eugene Electrical Engineer, Springport, Mich. 

Hill, George, C.E. Consulting Engineer, 44 Broadway, 

New York City. 

Hobart, Henry M. Engineer, General Electric Co., Sche¬ 
nectady, N, Y. 

Hochhausen, William Electrician, 74 Hanson PI., Brooklyn, 

N. Y. 

Holberton, George C. Electrical Engineer, General Electric 

Co., 15 First St., San Francisco, 
Cal. 

Holcomb, Eugene R. [Address unknown.] 

Hollerith, Herman Hollerith Electric Tabulating System, 

1054 31st St., Washington, D. C. 

Holt, Marmaduke Burrell, Mining and Electrical Engineer, 

Silverton, Col. 

Hood, Raia‘H O. Electrical Engineer, 15 Federal St, 

Boston, Mass. 

TIowsoN, Hubert Patent lawyer, 38 Park Row, New 

York City. 

Hubbard, William C. Engineering Department, Marks-Ayer 

Electric Co.. 73 Watt St., New York 
City; residence. 109 We.st 5th St., 
Plainfield, N. J. 

Hubley, G. Wilbur Electrical Engineer, Louisville Electric 

Light Co.; residence, Kenton Club, 
Louisville, Ky. 

Hubrecht, Dr. H. F. R. Director, Nederlandsche Bell Tele¬ 
phone Co., Amsterdam, Holland. 

Hudson, John E. President, The American Bell Tele¬ 

phone Co., 125 Milk St., Boston, 
Mass. 

Humbhreys, C. j. R. Manager, l.awrence Gas Co., and 

Edison Electrical Til. Co., Law¬ 
rence, Mass. 

Humphreys, Prof. Wm. J. Washington College, Chestertown, 

Md. 

Hunt, Arthur L. Electrician, Utica State llospital, 

Utica, N. Y. 


May 15, 1894 

May ig, 1891 
April 19, 1892 

April 19, 1892 

April 18, 1894 

April 15, 1884 

May 15, 1894 
June 17, 1890 

Sept. 19, 1894 

April IS, 1890 

April 18, 1894 

June 8, 1887 

April 18, 1894 

Sept. 19, 1894 
Oct. 4, 1887 

Dec. 20, 1893 

Sept. 6, 1887 
April i8,1893 
Sept. 19, X894 


Hutchinson, Frederick L. Electrical Engineer with Westing- 

house Electric and Mfg. Co., East 

Pittsburg, Pa. June 20, 1894 


Idkll, Frank E. Haveraeyer Building, 26 Cortlandt St., 

New York City. July 12,1887 




AmH’iA m MicmsMRs 


.Siimr. 

AUtlri’ss, 

Date of Election. 

Ini.l'RK. JiUlN D. 

I'.icirtricul Engineer, Otis Klectric Co., 
Vimki-rs, N. Y. 

Oct. 

2, x888 

iNooi*'- 

t*«*nsnhinK Engineer ami Eiipert, 1669 



Second Ave., I’iUsburg, Pa, 

April 18, 1894. 

iNSrl.I., S.AM* Kl. 

1‘resUleul, Chicago Edison Co., 513 



UiHikery, Chicago, 111. 

Dec. 

7, 1886 


suUK'i lUci trii iiui. Osaka Klectric Light Co., 

IWAI' VKK. lv< *> ggpj 20, 1893. 

, . ... M L:Uti«Uul I'lnginecT, Room 1409, 315 

I/AiiU. ■ • UcaiiMii’n Si., t^ucago, Ill. Mar. 5, 1889. 

jAKiJi K. Invi-utor, Mayw«aKl, N. J. Dec. 20, 1893. 

I fv Ouri- !‘silmcuu Milling and Com. Co., 

JoHNMiN. . 1 - > « t.lumljiii, S. C. Sept. 20, 1893 

, \v I /‘-ftr/tuiti ll’orM, 253 Broadway. 

* ' Nfw Y«»rk City. April 15, 1884 

, .. ViMft’ssiir of Machine Design, Uni- 

‘' *'■ ver*.!!)’ «»f Wisconsin, Madison, Wis. May 20, 1890 


JotiNsK’N. WL I. 
JoNKS, K. K. 

JdNKS H NV 


fare of U. H. Kingsbury, Sydney, 
N. S. W. 


junsoN. Wm. Bikkhon IL S. Civil Hngincer, Oswego, N. Y. 

K'tMWiYiK fAHi. !•'. Western Manager the ElfctncalEn^ 
KAMMi-'' . 1439 Monadnock Block, 

fhtcago, 111 

ffiM Ku KnwiN S. Kleotiic Light fonstructiw, 

KKlvti.«. ’ Wesirrn Klectric t 'o.. 22 Thames St., 

New Ytirk City: residence, Eliza¬ 
beth, N. , 1 . 

r. O. H, Klectric Tower and Ught Co., 

llnltiduy and Centre Sts , Baltimore, 
Mil. 


KKU.H‘>I, 17 , T. *L 


Oct. 17, 1894 
June 8,1887 

Sept. 19, 1894 

April 18, 1894 


KO.M'H, t* 

KKI.I.KK, K. K. 


nminmy a.m v v ..v, . ... 

fhienuti Telephone Co.- Residence. 

East End Ave., Chicago, Ill. Oct. 17.1894 


,, . t* w Vii'e»l'rest« and General Manager, 

Kki i.kk. T.. K- Westlnghinisc Machine Co , 224 

Murtlaml Ave.. Pittsburg, Pa. 

H. 4 /. A. Mcidmnical and Electrical Engineer, 
KP,M.i.R.LimiNK..^#.r Engineering Co. Ltd.. 

1310 Bet/. Building, 4823 
Ave.. Philadelphia. Pa. 

K„.u«u, W . 

A. K. 

Hhlg.. Pbilatklphia, Pa. 

u«. A,.**., s, 

hiMitutt. Worewter, Mara. 

.u«.r A. "°- 

Kt«KWl**«l.. '■’'uifOT 


Sept. 20,1893 

Mar. 21,1894 
June 26, 1891. 

May I, i888> 

Sept. 3. *889. 
Mar. 18, 1890. 
Sept. 20,1893. 
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ASSOCIATE MEMBERS 


Name, Address. Date of Election. 

Kirkland, John. W. Electrical Engineer, General Electric 

Co., Schenectady. N. Y. Mar. 21, 1894 

Knox, Frank H. White-Crosby Co., 2116 N. Charles 

St., Baltimore. Md. June 20, 1894 

Knox, James Mason Student in Electrical Engineering. 

Columbia College. School of Mines; 

Residence, 32 Wesst 129th St., New 

York City. Jan. 17, 1894 

Kreidler, W. a. Editor and Publisher, iVestern Elec¬ 

trician, 6 Lakeside Building, Chi¬ 
cago, Ill. Oct. 4, 1887 

Land, P’rakk Globe Hotel, Syracuse, N. Y. .Sept. 22, 1891 

Lane, Vance Manager and Superintendent Con¬ 

struction, Nebraska Telephone Co., 

Omaha, Neb. Dec. 19, 1894 

Lanphear, Burton S. Fellow and Graduate Student in Elec¬ 
trical Engineering, Cornell Univer¬ 
sity; residence, 106 Union Ave., 

Ithaca, N. Y. Jan. i6, 1895 

I.ANMAN, William H. Patent Dept., General Electric Co., 

44 Broad St., New York City. June 6, 1893 

Lardnkr, Henry Acklev Instructor in Electrical Engineer¬ 
ing, State College, Penn. Dec. 19 1894 

1.ARNF.D, .Sherwood J. Electrical Engineer, Chicago Tele¬ 
phone Co., 203 Washington .St., 

Chicago, Ill. Oct. 17, 1894 

La Roche, Fred. A. President and Manager, La Roche 

Electric Works, American and Dia¬ 
mond Sts., Residence, 2235 N. i6th 
St., Philadelphia, Pa. Sept. 19, 1893 

Lawton, W. C. Roselle, N. J. June 6, 1893 

LeConte, Joseph Nisuet Instructor in Electrical Engineering, 

State University, Berkeley, Cal. Feb. 27, 1895 

Ledoux, A'. R., AT. S., Ph,D., 9 Cliff St., New York City. Dec. 7, 1886 

Lee, John C. Chemist and Electrician, American 

Bell Telephone Co., Mountfort St., 

Longwood, Brookline, Mass. Mar. 18, 1890 

Lenz, Charles Otto Electrical Engineer, Room 510, Indus¬ 
trial Trust Bldg., Providence, R. I. Mar. 15, 1892 

Leslie,' Edward A. Vice-President and Manager, Man¬ 
hattan Electric Light Co., Ltd., 

, New York City; residence, 343 
Hancock St., Brooklyn, N. Y. , Jan. 16, 1893 

Lester, Wh.liam B. ; Western Union Telegraph Co., 195 

Broadway; residence, 346 T.,enox 

Ave., New York City. Jan. i6, 1895 

Levis, Minford Superintendent, and Electrical Engin¬ 

eer, Novelty Electric Co., 54 North 
4th St., Philadelphia, Pa. Feb. 21,1893 

Levy, Arthur B. Assistant Engineer. Arc Light Dept., 

General Elect!ic Co., 810 Lexington 

Ave., New York City. Jan. 20, 1891 

Lewis, Henry Frederick William, Redlands, 48 Sydenham 

. Road, Croydon, .Surrey, England. Mar. 5,1889 
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Name. Address. 

LinuK’i, Gustav A., Jr. Electrical Testing Bureau, Johns Hop¬ 
kins University, Baltimore, Md. 

I,ll.i.KV, T*. G. Electrical Inspector. Underwriters’ 

Association of Cincinnati, Wyom¬ 
ing, O. 

Buiiri’iiil'K, JaMKS a. District Engineer, General Electric 

Co., 15 First St., San Francisco, Cal. 

LlNUNi’-K. Chas. T. Martin & Lindner, Electrical Engineers, 

laming Building, San Francisco, 
Cal., residence Berkeley, Cal. 

l.i.OYU, Ili-.RHKRT General Manager, Electrical Engineer 

and Chemist. The Electric Storage 
Battery Co., Urexel Bldg., Philadel¬ 
phia, Pa. 

LoWKNUKK/., Hkrman Mechanical Engineer, Met. Tel. and 

Tel. Co., 18 Cortlandt St., New 
York City; residence, 311 Hudson 
St., Hoboken. 


l.i.OYU, Ill-.RHKRT 


Date of Election. 


Mar. 6, 1888 


June 20, 1894 
Feb. 21, 1894 


Dec. 20, 1893 


June 20,1894 


l.tiiiMis, OsiiouN P. Electrical Engineer, Bound Brook, 

N. J. 

Low, (Jkorisk P. Consulting Electrical Engineer, Elec¬ 

trical Inspector, Pacific Insurance 
Union, 303 California St., San Fran¬ 
cisco, Cal. 

Lo/.IKR, RuliKRT 'r. E. Electrical Engineer, Warren & Lozier, 

465 Greenwich St., New York City. 

Lul'KIN, Harvey L. Crocker-WhcelerElectricCo.,39Cort- 

landt St., New York City. 

LuNUl'.l.t., Kuiikr t Electrical Engineer, Interior Conduit 

and Insulation t'o., 44 Broad St., 
New York; residence, 47 Brevoort 
PI., Brooklyn, N. Y. 

LttguKU, TitAfcmiK, T. P Bedford, N. Y. 

IvYMAN, ClUiSTKR Woi.uoTT Manager, Herkimer Paper Co., 

Herkimer, N. Y. 


LuNUi'.i.t., Kuiikr t 


Feb. 27, 1895 

i 

Sept. 16, 1890 


Jan. 17, 1893 
May 20, 1890 


June 17,1890 


Feb. 7, 1890 
June 26, 1891 

.Sept. 19, 1894 


Lyma.n, Jambs 

(l.ifo Mrmbrr.'J 

MAcCui.i.<»tii, Koiikr'1 ' 

MacFai>i>kn, Gari. K. 
Maukik, C. P. 


Student in Electrical Engineering at 
Cornell University, 39 Eddy St., 
Ithaca, N. Y.; residence. Middle- 
field, Conn. 

Manager, Jos. Lough Electric Co., 
503 Fifth Ave.; residence, 407 Lex¬ 
ington Ave., New York City. 
Nutting Electric. Mfg. Co., 128 So. 

Clinton St., Chicago, III. 

Manager, Electric .Selector and Signal 
Co., 45 Broadway, New York City. 


MauMullan, Rohbrt Hkatm, Lafayette, Ind. 


MacQoesten, W, D. 

Madukn, Oscar K. 
Macke, Louis J. 


Electrical Engineer and Contractor, 
Room 25, 15 Cortlandt St., New 
York City. 

41 and 43 Wall St., New York City. 

Electrical Engineer, Director, der 
Union Elektricitats Gesellschaft, 
Corneliusstr r., Berlin, W. Germany. 


Sept, 19, 1894 

Feb. 27, 1895 

Sept. 27, 1892 

Mar. 21, 1893 
Sept. 22, 1891 

April 15, 1890 
April 15, 1884 

April 2, 1889 
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A880€IATB MEMBERS 


Name. 

Magenis, James P. 
Malcolm, Philip S . 
Malia, James P. 
Mann, Francis P. 


Address. 

Editor, The Adams Freeman^ Adams, 
Mass. 

Electrical Engineer and Contractor, 
131 Sixth St., Portland, Ore. 

Electrician, Armour & Co., 5314 
Union Ave., Chicago, 111 . 

Maison Breguet, 19 Rue Didot, Paris, 
France. 


Mansfield, Geo. W. 
Martin, A. J. 
Martin, Frank 


Electrical Engineer, Melrose High¬ 
lands, Mass. 

Complete Electric Construction Co., 
121 Liberty St., New York City. 

Electrical Engineer, Madison Square 
Garden Company, New York City. 


Martin, J. Electrician, 16 Oak St., Newark, N. J., 

Master Electrician, Equipment 
Dept.. New York Navy Yard. 

Martin, T. Commerford (JPetsUPresident.) Editor, The Elec¬ 
ts teal Engineery 203 Broadway, 
New York City. 


Mason, James H. Electrical Expert, 10 Fifth Ave., 

Brooklyn, N. Y. 


Matthews, Charles P. Instructor in Physics, Cornell Univer¬ 
sity, 211 E. State St., Ithaca, N. Y. 

Mauro, Philip Counsellor at-Law in Patent Causes 

(Pollock & Mauro), 620 F. St., 
Washington, D. C. 


Mayer, Maxwell M. Mfgj. of Dynamos and Motors, 411 

107th St., E. R.; residence. 242 
East 114th St., New York City. 

Mayrhofer, Jos. Carl Electrical Engineer, 165 W. Sad St., 

New York City. 

McBride,. James Superintendent, N. Y. & Boston Dye 

Wood Co., 146 Kent St., Brooklyn, 
N. Y. 


McCarthy, Lawrence A. Western Union Telegraph Co., New 

York City, 1053 Bedford Ave., 
Brooklyn, N. Y. 

McClurg, W. a. Manager, Electrical D^t., Plainfield 

Gas and Electric Light Co., 207 
Madison Ave., Plainfield, N. J. 


McCrosky, James W. 
McCrossan, J; a. 


McElroy, Jambs F. 


McKay, C. R. 


Electrical, Engineer, Westinghouse 
Electric and Mfg. Coi, Pittsburg, Pa. 

Manager and Electrician, Citizens' 
Telephone and Electric Co., Rat 
Portage, Ont. 

Mechanical Supt., The Consolidated 
Car Heating Co., 131 Lake Ave., 
Albany, N. Y. 

Consulting Engineer, 140 South Main 
St., Salt Lake City, Utah. 


Date of Election. 
Sept. 27, 1892L 

Mar. 18, i8go 
June 20, 1894 
June 6, 1893, 
June 2, 1885: 
Mar. 15, 1892! 
Oct. 21, i89<^ 

Oct. 21, iSgOH 

April 15, 1884. 
May 19,189L 
May l6, 1893.- 

Dec. 21,1892 

Feb. 27, 1895 
June 20i 1894 

Sept. 27,189a 

Jan. 19,1892 

Dec. 20, 1893 
Dec. 20, 1893. 

Oct. 18, 1893 

Nov. 15, 189a 
Dec. 20, 1893. 
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Address. 

, N Reed & McKibbin, General Street 

McKiBBiN, Geor • Railway Contractors, 8o Broadway, 

New York City. 


, ^ T p General Manager, Cleveland Tele- 

McKinstry. J. P. p^one Co . 316 Seneca St., Cleve- 

land, O- 

A F Professor of Electrical Engineering, 

McKissick, a. • ^ College of Ala., 

Auburn, Ala. 

MCR*-, Lbb 


McKissick, A. F. 


Pu vNK P Electrician, Pacific Postal Telegraph 

Medina, Frank p. ^ ^ Francisco. 

Cal. 

M^c™.A»rewO. 


Merritt, Ernest 


Meyer, Julius 
Miller, Joseph A. 


Meredith Wynn Electrical Engineer, Haswn & Hunt. 

MEREDITH, vv ^ Francisco, Cal. 

p A Electrical Engineer, Pierce & Miller 

Merrill, E. A. Engineering Co., 42 Cortlandt St., 

New York City. 

juuus 

M.U..K, JOSKPH A. 

M-liEK, WM. C.. M. S. 

M.»K. wuxAKD M. r 

Mitchell, John Murray Lawyer^Box 3712. 35 Wall St., New 

M..CK.U., S.D«v Z. o^n. 

Co., Fleischner Building, Portland, 
Ore. 


Mix, Edgar W. 


Electrician, with Thomson-Hou^on 
International Electric Co., 27 Rue 
tie laoudres, Paris. France. 

Consulting Electrical Engineer, 236 
W 22d St., New York City. 


Moore, John J. [Address unknown.] 

MORD.V, WM. more.. pS; 

ney, London, Eng. 

MOEEHOO.E, H. H. 

mango, Apartado, No. 44 i Quezalten- 
^ngO’, Ouattimala, C. A# 

Morrison, J. Frank .15 Bo«t^ ‘‘ 5 ^- Baltimore, Md. 


Date of Election 


June 8, 1887 


April 15, 1884 


Feb. 16, iSg* 
May 17, iSgi 


Sept. 19, 1894 
Sept. 3, 1889. 
Jan. 17. 1894 


Sept. 20, 1893 
Sept. 16, 1890 
Oct. 25, 1892 
Dec. 9. 1884 
Oct. 21, 1890 
July 12, 1887 
June 2, 1883 

Nov. 12, 1889. 

Sept. 3, 1889- 

Oct. 27, 1891 
Nov. 12, 1889 

Sept. 22, 1891 


Feb. 21, 1894 
April 15, 1884 
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ASSOCIATE MEMBERS 


Name. Address. 

Morsk, Grorge H. 910 Wright Block, Minneapolis; resi¬ 
dence, Excelsior, Minn. 

Morss, Everett Vice-President, Simplex Electric Co.. 

303 Marlboro St., Boston, Mass 

Morton, Henry, Ph.D. President of Stevens Institute of Tech¬ 
nology, Hoboken, N. J. 

Moses, Dr. Otto A. Electrician, 1037 Fifth Ave., New 

York City. 

MosKS, Percivai. Robert Student of Electrical Engineering, 

Columbia College; residence, 46 
West g7th St., New York City. 

Mosscroi', Wm. a., M.R Electrical Engineer, 2g Clifton Place, 

Brooklyn, N. V. 

Mott, .S. D. Electrical Engineer and Inventor, 

Passaic, N. J. 

Moitram, Wii i.iam T. M. Electrical Engineer, Room 41b, 

Trust Building, Dallas, Tex. 

Munns, Chas. K. Electrician, Strowger Autora. 'I'el. Ex¬ 

change; residence, 1002 W. Monroe 
St., Chicago, III, 

Mdstin, Herukrt S. Electrician, care of American Mfg. 

and Engineering Co., 143 Liberty 
Sc , New York City. 

Mvkrs, Geo. Francis Inventive Engineer, Penn Building, 

Pittsburg. Pa. 

MVER.S, I... E. Secretary and Trea.surer, Electrical In- 

.stallation Co., 917 Monadnock Build¬ 
ing. Chicago, III. 

Nrii.kr, Samwki- G. 1409 Manhattan Building, C’hicago, 

111 . 

New EM,, Arthur J. Electrical Engineer, R. T. Oakes & 

Co., 366 High St., Holyoke, Mass. 

N1CH01..SON, Wai,ter W. General Supt, Centml N. Y. Tele¬ 
phone and 'Pelegraph C^i., 73 

Howard Ave., Utica, N. V. 

Norton, Elbert F. Chief Inspector, City Electrical Inspec¬ 
tion, 15 City Hall, Chicago, III. 

Noxon, C. PitR Lee Contracting Electrical Engineer, 628 

Mission St., San h'rancisco. Cal. 

Nunn, Richaku 1 ., M.D, Physician, iigi York St., Savannah, 

Ga. 

Nutting, .Samuel E. lilectrician and Supt., Nutting Elec¬ 
tric Mfg. Co., 241 South Scoville 
Ave., Oak Park, Ill. 

Nyhan, J. T. Superintendent .and Electrician, Macon 

and Indian Spring Electric Railway, 
Macon, Ga. 

OcKER-SHAUSEN, H. A. lUcctrical Engineer, 65 Madison Ave., 

Jersey City, N. J. 


O’Connell, J. J. 


Telephone Engineer, Chicago 'I’ele- 
phone Co, Residence, 76 Eugene 
St., Chicago, HI. 


Date of Election. 
May 15, 1894 

Sept. 22, 1891 
May 24, 1887 
May 17, 1887 


Dec. 19, 1894 
May 7, 1889 
Sept. 20, 1893 
Mar. 21, 1893 


Nov. 21, 1894 


Dec. 20, 1893 
June 17, 1890 


Sept, ig, 1894 
April 18, 1894 
Mar. 18, 1890 


May 15, 1894 
Dec. 20, 1893 
Oct. 17, 1894 
July 12, 1887 


Sept. 20, 1893 


Feb. 27, 1895 
Sept. 6, 1887 


(Jet. 17, 1894 
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Name. 

Address. 

Date of Electioii. 

0 ’Dk.V, MiCUAKI. T0KIM.Y 

I'rofes.sMi- of Applied Electricity. 
University of Notre Dame, Notre 
Dame, Ind, 

June 

8, 1887 

OUAN, 'rilKOI'OK, \. W. 

(’ivil and Electrical Engineer, 69 West 




4i)th Si., New York City. 

May 

16, 1893 

OUVKTTI, CAMU. 1 . 1 1 

Ingegnere Industriale, Ivrea, Italy. 

Oct. 

17, 1894 

OsnOKNK, l.OYAl.l. 

I’rcsideut, Oshotne Switch Co., 523 
rriidoiitial lUiilding, Newark, N. J. 

Oct. 

18, 1893 

OSTEUHK.RU, Ma.K. /l. A*. 

.\s.soci:ite Editor Eleftric Po 7 oer, and 




I'list ('•rndiiatc Student of Mnthe- 
niulical I’liysics, Columbia College; 
residence, •-!32 l’,ast 62nd St., New 



V<irk City, 

Jan. 

17, 1894 

OrrivN. Dr. Jan D. 

Engineer, Dninn Elcktricitats Cle.sell- 
scliafl, Klcinbeeren-stra.sse 21, Uer- 
lin, S. W. (lermany. 

Nov. 

18, 1890 

OiiniN, Maiirii‘1’. 

Electrical Engineer, Ceuural l‘'lectric 
Co., Sehenectady, N. V. 

June 

20, 1S94 

Owens, R. M. 

Pr»ifess(jr of Electrical Engineering, 
University of Nilna.ska, l.incoln, 
Nell. 

J line 

17, 1890 

I'A.SK, A. D. 

•Assislanl Manager, Cencrul Electrie 
Co. Lamp Works, Harrison, N. J. 

Jan. 

19, (892 

Pari’ei.i.e, Ai.iiert 1.. 

Klmariciaii and Inventor, 157 Wash¬ 
ington St., I'toslfin, Mass. 

J lec. 

16, 1891 

PAUIvKR, llEUSt'lIEI. <■, 

‘I'uloi ill Physics, Coluuiltia College, 
21 l•'oll Creeii I'l., Itiooklyu, N. V. 

April 

u), 1893 

Parmi.y C. IIowaru, . 

S.. 1 /., College of the t!ilyof New 




N oi'li, 17 l,e.\ingtou .Xve.; residence, 
;t.t.t W, gigh St., .New York City. 

hell. 

21, 1893 

I'Au.sEi.u, Henry V., | 

R. ;ti K. ’.it St St., New York City. 

Nov. 

12, 1889 

I*ai;i., Ciias. ,M. 

Electrician. 172 Kemsen St., Brook¬ 
lyn. N. Y. 

Mjiy 

7, 1889 

Peck, EnvvARU E, 

lieneral Supt. t.'itizens Electric Illu¬ 
minating t'o., cor. Rockwell PI, 
and Delvalb Avc., llrooklya, N. Y. 

May 

20, 1890 

Peck, Samuki. C. 

Ivlccuician. Apartmlo 403. City of 
Mexico, Mexico. 

Sept. 

6, 1887 

PeUERSKN, ERVUtEKirK 

Mai.i.inc Assistant I'dectrical P/ngincer, 
i j'ocker-Wheeler Klcctric Co., Am¬ 
pere, K. Otange, N, J.; residence, 
327 W. 34ih .St,, New York City. 

Sept. 

20, 1893 

Peirce. Wm. 11. 

Assistant Manager, Baltimore Smelt¬ 
ing an«l Rolling Co., Keyser lUdjr, 

< •erntan and Culvert Sts., Ualti- 
mour, Mil. 

Sept, 

7, i888 

Perkins, Erank C. 

Electrical Engineer and Contractor, 
774 Prospect Ave., Buffalo, N. Y. 

Oct. 

21, 1890 

Perot, 1,. Knowi.es 

CcmTal Manager, Eastern Engineer¬ 
ing and Construction Co., 308 "Wal- 
nui Ht.. Philadelphia, Pa. 

Mar. 

15, 1892 

Petty, Waei ek M. 

Superintendent Eire Ahum 'Pelegraph, 
Rutherford, N. J. 

May 

|6, 1895 
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Name. 

Address. 

Date of Election. 

Pi'UND, Rickard 

With Western Union Telegraph Co., 
195 Broadway, New York City. 

April 

18, 1893 

Philbrick, B. W. 

Electrician, in charge of Electrical 
Plant, lion. Levi P. Morton, Rhine- 
cliff, N. Y. 

May 

15, 1894 

Phillips, Eugene F. 

Manufacturer Insulated Electric Wire, 
Providence, R. I. 

.fuly 

13, 1889 

Phillips, Leo A. 

Westinghouse Electric and Mfg. Co., 
East Pittsburg, Pa. 

Mar. 

2t, 1894 

Plumb, Charles 

Proprietor and Electrician, 'Phe Chas. 
Plumb Electrical Works, 89 Erie St., 
Buffalo, N. Y. 

June 

20, 1894 

Poole, Cecil P. 

Care Electrical IVorld, 253 Broadway, 
New York City. 

Jan. 

3. 1888 


Poi'K, Rai.I'H Wainwkiuht Secretary to the American Institute 

of Electrical Engineers, 26 Cortlnndt 
St., (Telephone, 2199 Cortlandt), 

New York City; residence, 570 

Cherry St,, lillizabeth, N. J. June 2, 1885 

Potts, Chas. Edwin, />'. .S'., A’. Engineer, 1356 Dean St., 

Urooklyn, N. V'. Eeb. 21, 1894 

PoTTKR, Mknry Noisi, Electrician, Steglitzer .Strasse, 10 par- 

terre, Berlin W., Germany. .Sept. 19, 1894 

PowBLi., W11.LIAM IT. Electrical Engineering Uep’t, Lehigh 

University, South Hethleheni, Pa.' June 17, 1890 

Pratt, Chaui.ks A. ICIectrical Engineer. 'Phe Independent 

Electric Co., 39th St. and Stewart 

Ave,, Chicago, III. Dec. 19, 1894 

1 *RICK, Chas. W. liditor the Elcclrkal Rcviciv, 13 Park 

Row, New York City; residence, 

223 Garfield Place, Brooklyn, N. Y. Sept 19, 1894 

pRlNOE, J. I.1.0VD 868 Elatbusli Ave., (Elatbush Station). 

Brooklyn, N. V. Eeb. 27, 1S95 

PRIVAT, Louis h'lectrician, Cicero Water, Gas and 

Electric Light Co., Oak Park, 111 . Dec. 19, 1894 

Proutor, Thos. I,. General Manager, Riker Electric Motor 

Co., Brooklyn; residence, Newtown, 

I.. L, N. Y. April 18, 1894. 

Poi'KKR, Wm. L. Assistant Profc.ssor of Electrical En¬ 

gineering, Mass. In.stituteof Tech- 
nology, Boston, Mass. Dec. 20, 1893 

Pui'i.N, Dr. Michael I. {Manaj^er.) Adjunct Professor in Me¬ 
chanics, Columbia College, ITcw 
York City, 46 W. 72d St,, New York. Mar. 18, iSgo- 

Randall, John E. Columbia Incandescent Lamp Co,, 

1912 Olive St., St. Louis, Mo. May 7,1889 

Randolph, L. S. Professor of Mechanical Engineering, 

Blacksburg, Va. Feb. 2t, 1893 

Ray, William D. .Superintendent Everett Railway and 

ISIectrie Co., Everett, Washington. Sept. 27, 1892 

Read, Rohkrt H, Firm of Pope, Read & Rogers, 39 

Cortlandt St., New York City. Jan. 19,1892' 




ASSOGIATE MEMBERS 


Namt^ 

Rkbkr, Samuel 
Redman, Geo. A. 

Rued, Chas. J. 
Reed, IIaury D, 

Rkeii, Mknky a, 

Reid, Thorhurn 
Reilly, John c. 
Reinmann, a. 1 .. 


Adtlress. 

Lieut. Sijjnal Corps, U. S. Army, Fort 
Riley, Kan, 

General Supt,, Electric Dept., Brush 
Klee. Light Co., and Rochester Gas 
and Klee. Co., Rochester, N. Y. 

Electrician, 6og Norris St., Phila¬ 
delphia, I’a. 

Electrician, Bishop Gutta Percha Co., 
420 East 25th St., New York City; 
residence. 88 North oth .St., New¬ 
ark, N. J. 

Secretary .'ind Manager, Bishop Gutta- 
Percha Co., 422 East 25th St., New 
Vork City; residence, 88 North gth 
St., New.'irk, N. J. 

Electrical Engineer, General Electric 
Co., Schenectady, N. Y. 

General Supt., N. Y. & N. J. Tel. Co., 
ih Smith St., Brooklyn, N. Y, 

I Address unknown, | 


Rknnard, John (.^i ii Ruti 

Rhquikk, a. Maucki, 
Ruoues, S. Au'i'iiuit 

Riuiiauhson, Aliiekt K. 
RlCIIAUDSON, RoIIERT K. 

Ricker, Chari.eh \V. 
Ridley, A. K. Bruuki. 

Rikkr, Anhri-av L. 

ILif.: M. ml«;r.;| 

RirtENHOUSK, CllAH. T. 

Rohm, Ru.ssei.i. 
Roberson, Oliver K. 


I, A. If. E, /•'. Assistant to Electrical 
Engineer, Met. 'I'elephone and Tel. 
Co.; residence, 30a W. 73d St., 
New Vork City. 

Eleidrica! Engineer, Westinghou.se 
Electric and Manufacturing Co., 
Pittshurg, Pa. 

lCle«drician, Chief Testing Department, 
Chicagti Telephone Co., Chicago, 
III.: residence, 429 North Pine Ave., 
.‘Vustin, III. 

I .eclurer in Science, 2j Knight’s Park, 
K ingslon-on-'l'hames, England. 

Electrical Engineer. Pierce & Richard¬ 
son, I40<) Maniiattan Building; resi* 
dcnce, 3827 P'orest Ave , Chicago, lU. 

Expert Electrical Engineer, lOg White 
Bldg., Huffala, N. V. 

Agent, Kleetrical Engineer, Sietnen.s & 
Hulske Electric Co., 508 California 
St., San Kr^ancisco, Cal, 

Elt’ctrical Engineer, The Riker Bilec- 
tric Mottir Co,, 45 York St., Brook¬ 
lyn; residence, 737 Madison Ave., 
New York City. 

Post-Gnuluate .Student, Colnmblu Col¬ 
lege, 247 W. 138th St, New York 
City. 

With Stone & Webster, 4 Post Office 
Sq., Boston, Mass 

Electriciiin, Western Union Telegraph 
Co., 195 Broadway, P. O, Box 856, 
New York City. 


917 

Dale of Eteclioa. 
Sept. 20, 1893 

Feb. 27, 1895 
Mar. 5. 1889 

Sept, 19, 1894 

June 4, 1889 
Oct. 21. 1890 

April 15, 1884 
June 8,1887 

Jan. 16, 1895 
Dec. 20, 1893 

Oct. 17,1894 
P'd). 21, 1894 

Sept. 19, 1894^ 
May 15, 1894 

Nov. 21, 1894 

Nov. I, 1887 

Feb. 21, 1894 
Oct. 18, 1893 

Dec. 20, 1893 
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ASSOCIATE MEMBERS 


Ifaiiie, Address. Date of Election. 

Roberts, Wm. H. 15 Harrison St., Cincinnati, O. Sept. 19, 1894 

Robinson, Almon Draughtsman, Expert in Methods of 

Gearing, P. O. Box 943. Lewiston, 

Me. Sept. 6, 1887 

Robinson, Francis G. Foreman, Bushwick and Union Ave. 

Depots, Brooklyn Heights R. R. 

Co.; residence, 156 Macon St., 

Brooklyn, N. Y. Nov. 21. 1894. 

Rodman, Samuel, Jr. (Late ist Lieut., 2nd U. S Artillery), 

Electrician and Expert in High Ex¬ 
plosives. Room 106, Pullman, Bldg., 

Chicago, Ill. Sept. 16, 1890- 

Roebling, Ferdinand W. Manufacturer of Electrical Wires 

and Cables, 'I'renton, N. J. June 8, 1887 

Roessler, S. W, Captain, Corps of Engineers U.S. A., 

99 Madison .St., Memphis. Tenn. Dec. 3, 1889. 

Rogers, Edward H. Patent Lawyer, Firm of Pope, Read & 

Rogers, New Haven, Conn. Sept. 22, 1891 

Roller, John E. Lieut. U. S. N., in charge of Inspec¬ 

tion and Installation, U. S. Navy 
Yard, New York; residence, 515 
Clinton Ave., Brooklyn, N. Y. .Sept. 19, 1894 

Roper, Denney W. Expert Department, General Electric 

Co., 302 Union St., .Schenectady, 

N. Y. June 6,1893 

Rosebrugh, Thomas Reeve J.,ecturer in Electrical Engineering, 

School of Practical Science, 'Foronto, 

Ont. June 26, 1891 

Rosenbaum, Wm. A. Electrical Expert and Patent Solicitor, 

177 Times Building, New York 

City. Jan. 3, i88g 

Rosenberg, E. M. Engineers' Department, Broadway and 

7th Ave. Railroad; residence, 784 

Lexington Ave., New York City. Oct. 21, 1890 

Rowland, Arthur John Professor of Electrical Engineering, 

Drexel Institute; residence, 4007 

Powelton Ave., Philadelphia, Pa. .Sept, 19,1894 

Rowland, Henry A. Professor of Physics, Johns Hopkins 

University, Baltimore, Md. Mar. 2i, 1894 

RoYCE, Fred W. Electrician and Patent .Solicitor, 1410 

Pennsylvania Ave., Washington, 

O. C. April 15, 1884 

Rutherford, W. M. Chief Engineer, Canadian General 

Electric Co., 65 Front St., W. To¬ 
ronto, Can. Sept. 22, i8gi 

Ryan, Harris, J. { Manager .) Professor of Electrical 

Engineering, Cornell University, 

Ithaca, N. Y, Oct. 4, 1887 

Sachs, Joseph Devising and Consulting Electrical 

Engineer, 32 Nassau St., New York 

City. Mar. 15, 1892 

Sackett, Ward M. Assistant Chief Draughtsman, Chicago 

Telephone Co., residence 3249 

Groyeland Ave., Chicago, III. Oct. 17, 1894. 




ASSOOJA TE MEMBERS 


Name. 

Sack, Hknrv Judson 

Saihii.ka, I)k. Johann 
S.ANHORN, Francis N. 
Sanhkrson, Kuwin N. 

SAXEI.HV, FuKlIKKH.K 
SCHK|.'|.‘I,KK, FkkH. a. 

SCIIKHU.K, AMIKKT 

SCHCOSSKR, FkKH. ( 1 . 

Si'iiMiH, Ai.iuHcr 
SOHOKN, AI.I.BN MetiKI'. 

SCUUKI I KK, liKINH, C, E 
Skauinc, Lewis 

SkARM'S, A. L. 

SkK) a. H. 

Skelv,J. a. 

Si-iT/tNUKu, Marry M. 

Skuikn, K. L., Jr. 
Skrrkm.. I.kmuki, Wm. 

SBVEK, (iKttRUK F. 
Skrva, a. a. 


Address. 

Kn}{iheer, Lighting; and Power Dept., 
VVestern Klectric Co., 227 So. Clin¬ 
ton St.; residence, 4467 Oakenwald 
Ave , Chicago, Til. 

Docent t)f pncctrotechnics, Technische 
llochschule, Vienna, Atistria 

Assistant Superintendent. Susquehanna 
Coal Co., Nanticnke, Pa. 

New F.ngland Manager, Westinghouse 
Electric;ind Mfg. Co., 32S Exchange 
lluilding, Hoston, Mass.: residence, 
Newton ('entre. Mass. 

I'llccirical Engineer. 28fi Summer Ave., 
Newark, N. J. 

Stirling lloiler Co., I2fi Liberty St., 
New V*«irk City; residence, Passaic, 
N. J. 

Secretary and Assislant, with (Jeorge 
t-Utter, 486 North Park Ave., 

< -hicago, 111. 

.Superintendent of lilectric Dept., La¬ 
clede Mas Light Co., 1038 [.etfing- 
well Ave., St. Louis, Mo. 

.Superintemlcnt, Westinghouse I'Uectric 
and Mfg. Co.. Pittsburg, Pa. 

Elec:triciau. South ICasteru 'I’arlff As- 
s<iciation, Fitten Iluilding, Atlanta, 
(!a. 

, Editor,"/Ar Trchniker'' 11 Chambers 
St, Now Vork City. 

Shepard & Searing, Mechanical and 
Electrical Engineers, 842-3 Equita¬ 
ble Building, Denver, Col. 

Engineering Dept., 'I’he Marks-Aycr 
Electric Co., 73 Watt St, New York- 
City and 2gi 7th Ave., Brooklyn, 
N. V. 

A. 15 . See Manufacturing Co., 116 
Front St.; residence, 107 I‘ 2 ast igth 
St , (Flatbush), Brooklyn, N. Y. 

F.lectrieal JCngineer and Contractor, 
121 Liberty St., New York City. 

Consulting and Constructing Engineer, 
6 Northampton .St., Wilkesbarre, Pa. 

Deep Kiver, C0m. 

Mccimnical and Electrical Engineer, 
253 Broiulway, New V^ork City. 

Instiuctor in Electrical Engineering, 
Columbia College, 34 West 32nd 
St., New York City. 

With Fort Wayne Klectric Corpora¬ 
tion, a«j West Jefferson St., Fort 
Wayne, Ind 


91 » 

Date of Biection. 

Dec. 20, 1893 
Dec. 20. 1893 
Nov. 24, 1891 

Oct. 17, 1894 
June 5,1888 

May i6, 1893 

June 20, 1894 

Sept. 22, 1891 
Oct. 21, 1890 

Sept. 20, i 8£9 
Jan. 17, 1893 

April 3, 1888 

April 18, 1894 

Jan. 17,1893 

April 15, 1884 

Sept. 20, 1895 
Jan. 17, 1893 

Nov. I, 1887 
Jan, 17. 1894 
Dec. 20, 1893 
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ASSOCIATE MEMBERS 


Name. Address. l>ate of Election. 

Skain, Charles D. 136 Liberty St., New York City. June 7, 1892 

Sharp, Clayton H. Instructor, Department of Physics, 

Cornell University, 122 University 

Ave., Ithaca. N, Y. May 15,1894 

Sheble, Franklin Sheble & Parton, Ltd., 1022 Arch St, 

Philadelphia, I’a. Oct. 21, 1890 

She0D, John C. Professor of Physics and Applied Elec¬ 

tricity, Marietta College; residence, 

512 Fourth St., Marietta, Ohio. Dec. 19, 1894 


Shbehy, Robert J. Engineer and Inventor, 570 Park Ave., 

New York City. 

Shepardson, George D. Professor of Electrical Engineering, 

University of Minnesota, Minne¬ 
apolis, Minn. 

Shields. W. J. Shields & Wood, 829 Arch St., Phila¬ 

delphia, Pa. 

Shrader, William Professor of Electrical Engineering, 

University of Missouri, Columbia, 
Mo. 

Sinclair, I-I. A. Electrical Engineer, The Tucker Elec¬ 

tric Co., 950 Bedford Ave., Brook¬ 
lyn, N. Y. 

SiSE, Charles F. President, Bell Telephone Co., of 

Canada, P. O. Box 1918, Montreal, 
Canada. 

Slade, Arthur J.,/*//./?. Engineer, with George Hill, 44 

Broadway; residence, 62 East hfith 
St., New' York City, 

Slater, Frederick R. Designing Department, Otis Bros. & 

Co., 153 Warburton Ave., Yonkens, 
N. Y. 

Smith, Charles Henry Box 346, Rome, Ga. 

Smith, Frank E. Chief Electrician, Edison JAghl and 

Power Co., 229 .Stevenson St., San 
Francisco, Cal. 

Smith, Frederick H. Civil Engineer, 216 Equitable Bldg., 

Baltimore. Md. 

Smith, Harold Babbitt Professor of Electrical Engineering, 

Purdue University, 164 Columbia 
St., Lafayette, Ind. 

Smith, J. Brodie .Supt. and Electrician. Manchester 

Electric Light Co., 142 Merrimack 
St., Manchester, N. H. 

Smith, J. Ellio'I' Superintendent Fire Alarm 'relegraph, 

122 W. 73d St., New York City. 

Smith, Oberlin President and Mechanical Engineer, 

Ferracute Machine Co., I^ochwold, 
Bridgeton, N. J. 

Smith, T. Jarrard Manager Electrical Dept., The E. S, 

Greeley & Co., 7 Dey St., New 
York City. 

Souza, Carlos Monteiro e [Address unknown.] 


April 21,1891 

April 21, 1891 
Sept. 19. 1894 

Sept. 20, 1893 

June 17, i8go 

June 8, 1887 

Sept. 19, 1894 

Oct. 17, 1894 
Jan. 17, 1894 

.Sept ig, 1894 
Nov. 12, 1889 

N<»v. 24, 1891 

Mar. 21, 1894 
April 15, 1884 

May 19, 1891 

April 19, 1892 
Sept, 6, 1887 




ASSOarATE MEMBERS 
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Namr. 

Address. 

Date of Klcctiiin. 

Sl-KNOKK, ■rnKoimUK 

With Bell 'I’elephoiie Co., 406 Market 
St., rhilndelphia, Pa. 

Mar. 21, 1892 

SVICKK, ClIAS. W. 

1054 31 SI St., Washington. D. C. 

Nov. 12, 1889 

SiMKK. Cl.ARKNCK j. 

llallfa.K, N. S. 

Mar. 18, 1890 

.SrKA(;uK, Kkank J. 

{Past-I'resiilent.) 182 West End Ave., 
Vice-l’rest, Sprague Electric Ele¬ 
vator Co.. Firm of .Sprague, Duncan 
& Hutchinson, Postal Telegraph 
Bldg.. 253 Broadway, New York 
City 

May 24, 1887 

SrRiHI'r, SlUNKY S. 

E.lcctrical Engineer, 303 California St., 
San Francisco, Cal. 

Jan. 17, 1894 

Sl'Kl'SUN, Wll.KRKIi I. 

Member of the firm of Hepburn & 
Sprusoa, Consulting Engineers and 
Electricians, ilxj King St , Sydney, 
Australia. 

Dec. i6, 1890 

Si.miKK, ( iKOKt;!-; O., BhJi. rst Licait., 3(1 Artillery, Kortress 

Mdtiroc, V.'i. 

May 19, 189T 

Stai»ki..man. Wm. a. 

[Address unknown. | 

Fell. 7, 1890 

Staiii., 'I'll. 

(.h'cuscJt Works, Creusot, h'ranee. 

Nov. 15, 1892 

STANr.KV, Wll.I.lAM 

Electrician, Bittslicld, Mass. 

Dec. 6, 1887 

Stkakns. Juki, W., |h. 

‘rreasifrer. Mountain Electric Co., Bo.\ 
1545, Denver, Col. 

June 20, 1894 

HtKI’HKNS. (‘.KOKClv 

Ceneral Supt., Canadian Ccneral Elec¬ 
tric (^t., I,td., I’eterboro, Ont. 

June 20, 1894 

Stkvknh, j. Kuanki.in 

S<!cretary and 'rreasurcr, La Kcadic 
Electric Works, American and Dia¬ 
mond Sts.; residence, I4i:(j Walnut 
St., Philadelphia, Pa. 

Sept. 19, 1894 

.Stink, I’liUK. NVii.iiim M. 

Director l•',lectri(^al Dept., Armour 
fnslitute, Chicago, III. 

May 15, 1894 

ST<H KHUII":K, H. 

Patent Attorney, Room 114, 3(j Cort- 
liindt St., New York City. 

May 24, 18S7 

.S'to(;ki,v, <5k(». W. 

32 Liberty St , New York City; resi¬ 
dence, l.akewood, N. J, 

April 15, 1884 

.StONK, rilAlil.KS A. 

With l'’irm of Stone & Webster, 4 
P, D. .S(|., Boston, Mass. 

May 19, J891 

SritKK!', I'KOl'. 11 . A. 

Professor of Electrical Engineering, 
University of Vt., Burlington, Vt. 

Mar. 21, 1893 

.STUATIhN, MlI.TdN (1. 

F'.lectrician, LI, S, Electric Light Co., 
213 i-ph St., N. W., Washington, 
D.'C. 

Sept. 20, 1893 

•SruAi-ss, Hkkman .‘\. 

Electrical Engineer, Westinghouso 
Electric and Mfg. Co.; residence, 
157 Larimer Ave., East Liberty, 
Pittsburg, Pa. 

Oct. 17, 1894 

Stkoni;, Fkkukrii.k (5. 

Box Hartford, Conn. 

Oct. 27, 1891 

Sthmk, Ci.auk.nck F. 

Ccneral .Manager, Htnet Railway 
CUnettc, 26 Cortlandt St., New York 
City. 

May 17, 1887 

StiUJTKVAN T, CltAUl.KS 1. 

I'atcnt Attorney, Atlantic Building, 
Washington, I>. C, 

Dec. 20, 1893 
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ASSOCIATE MEMBERS 


Tahiou, Kohkk i IS. 


Tait, Frank M. 


N'anit:. Address. 

SUMMKRS, l.Ki,ANi) L. Electrical Engineer,436’I'hc Rookery, 

Chicago, 111 . 

SvKNTOR/,KT/KY, Cai'T. l.ouuOMlR Military Engineering Acad¬ 
emy, St. Petersburg, Russia. 

SWKNSON, Bkknarp Victor Instructor in Electrical Engineer¬ 
ing, University of Illinois, Cham¬ 
paign, III. 

SwKKT, Hknry N. Chief of Patent Bureau, Thomson 

Electric Welding Co., 4 Spruce St , 
Boston, Mass. 

Sykks, Hunky 11 . Assistant Electrician, American Tele¬ 

phone and 'Pelcgraph Co., 75 Hicks 
St., Brooklyn, N. Y. 

Taiiiou, Koukk i'B. Has Engineer, .Special Agent Cencral 

Electric Co., 620 .Xtlantic Ave., 
Boston, Mass. 

'Pait, Frank M. Superintendent, Cata.sauc|na Electric 

i-ight and Power Co., 731 3d .St., 
Cutasaurjua, Pa. 

Tai'I.ky, Wai.tkr H. Electrician in (lovernment Printing 

Office, care of Public Printer, Wash¬ 
ington, L>. C. 

TkmI'J.k, Wii.t.iAM C11ASK, Mechanical and Electrical Engineer, 

I.ewis Block, P. O. Box Soo, Pitts¬ 
burg, Pa. 

'I'usi.A, Nikoi.a I'lleclrical Engineer and Inventor, 35 

So. 5th Ave., New York City. 

Tmmmi'son, Wji.i.iam Cko. MacNkh.i. Resident lingineer, Sank 

Stc, Marie Canal, St. Catharines, 
Ont. 

Tohky, Wii.UAM Boarijman (icneral Manager, S. K. C. Spe¬ 
cialty Co., Pittslield, Mass 

'roKRUiN’o, J., Jr. Electrical Engineer. Marks-Ayer Elec¬ 
tric Co., 73 Watt St.: residence. 337 
West 59th .St., New York City. 

Towur, Ct'.oK<>i'; A. ICIectrical Engineer, 'Phe Sherwood 

Hand Co., and The JelTerson Hotel 
Co., 109 S. Eir.st St., Richmond, Va. 

’rowN.sKNn, H KNKV C. .'\tlorney and E.xpert in Electrical 

Cases, 5 Beckman .St., New York 
City. 

'rRKADWUi.i,, At.’(iiisrns, Jr. Private A.ssistunt, Polytechnic In- 

•stitutc, 488 3d St., Brooklyn, N. V. 

Trott, a. M. Haroy Electrical Expert, Union R. R. Co., 
M«Mi)bcr.] Providence, R, I. 

'rorri.K, CiiORiSK W. Storekeeper, Sawyer-Man Electric Co., 

5x0 W. 23d St,, New York City. 

Vah., Tiiko. N. 18 Cortlaiidt .St., New York City. 

Van Brunt, Wai.tkr Manager, Duluth 'Pelcphone Co., 

Duluth, Minn. 

Van Buren, Gurdon C. Electrician and Electrical Contractor, 

84 Clinton Ave., Albany, N. Y, 


'PowuR, Gkokok a. 


Date of Election. 

Feb. 16, 1892 
Sept. 20, 1893 


Feb. 27, 1895 


May 20, 1890 


Oct. 18, 1893 


Sept. 16, 1890 


.Sept. 19, 1894 


Oct. 25, 1892: 


May 3, 1887 
June 5, 1888 


July t2, 1887 
Sept. 16, 1890. 


April 18, 1894 


May 15, 1894 


July lo, 1888 

Feb. 21, r.St>4 

Jun. 20, 1891 

Mar. 17, 1891 
April 15, 1884 

Sept. 6’, 1887 
Oct. 25, 189® 



ASSOCIATE MEMBERS 
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N'anie. Address. 

Vanck, a. St. C1.AIR [Address unknown.] 

Vanukgiukt, James A. Westinghouse Electric and Mfg. Co., 

Robinson St., Allegheny City, Pa. 

Vanderslick, G. Hamilton Westinghouse Electric and Mfg. 

Co., P. O. Box 911, Pittsburg, Pa. 

Van Vleck, Fran*k President, Van Vleck Tramway Co., 

Wells Fargo Bldg., I.os Angeles, 
Cal. 


Van Wyck, Phii.ii*V. R., [r. 981 Madison Ave., New York 

City. 

V.AKi.KV, Richard, Jr. General Manager, Varley Duplex 

Magnet Co., 62 Cortlandt St., New 
York City. 

Varley, Thomas W. Electrician, The Okonite Co., Ltd.; 

residence, 250 Bloom held Ave., 
Passaic, N. J. 

Varney, Wili.iam Wesley Attorney at Law, Electrical Expert, 

itS East Lexington St,; residence, 
loot Harlem Ave., Baltimore, Md. 


Vkrlky, Horace S. L. 


VoiT, Dr. Ernst 


Wackkk, George G. 
Wallace, Geo. S. 


With Dr. Wm. E. Geyer, as Labora¬ 
tory Assistant, Stevens Institute, 
Hoboken, N. J. 

Professor of Electricity, Technical 
University. Schwanthalerstrasse, 
Munchen, Germany. 

1340 Vanderbilt Ave., New York City. 

'I'elegraph Office Manager, Chesapeake 
& Ohio Ry. Co., Box 214, Hunting- 
ton. W. Va. 


Wali.a<;e, William 

Walter, Henry E. 

Wardkll, George P. 
Wardlaw, George A. 
Waring, Richard S. 

Waring, John 
Warner, Ciias. II. 

W.vson, Ciias. W. 
Wason, Leonard C. 


Waterhouse Frank G. 
Waters, Edward G. 


{^Vice-President.) Wire Manufacturer, 
Ansonia, Conn. 

3 Princes Mansions, Victoria St., Lon¬ 
don, Eng. 

103 East Tenth St., New York City. 

412 East Willow St., Syracuse, N. Y. 

Standard Underground Cable Co., 61 
Westinghouse Bldg., Pittsburg, Pa. 

Waring Electric Co., Ovid, N. Y.* 

Consulting Electrical Eng^ineer, 50 
Broadway, New York City. 

Electrical Engineer and Purchasing 
Agent. Cleveland Electric R. R. Co., 
1762 Euclid Ave., Cleveland, O. 

Vice-l’rest., The Aberthaw Construc¬ 
tion Co., 12 Pearl St., Boston; resi¬ 
dence. 199 Harvard St., Brookline, 
Mass. 

Room 6, 302 Asylum St., Hartford, 
Conn. 

Electrical Engineer, Pennsylvania 
General Electric Co., 425 'Wood 
St., Pittsburg, Pa. 


Date of Election. 
April 2, 1889 

Nov. 24, 1891 

Dec. 19, 1894 

Nov. 16, 1886 
April 21, 1891 

Mar. 18. 1890 

Sept. 19, 1894 

Nov. 21, 1894 

May 17, 1892 

Mar. 2t, 1894 
Sept. 6, 1887 

Oct. 25, 1892 

April 15, 1884 

April 2, 1889 
Nov. 12, 1889 
Jan. 17, 1894 

April 15, 1884 
Dec. 16, 1890 

Dec. 20, 1893 
May J9, 1891 

Dec. 20, 1893^ 
Sept. 6, 1887 

Mar. 18, 1890- 
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ASSOCIATE MEMBERS 


Name. Address. 

Wat-son, Rohert Patent Attorney, 931 F. St., N. W., 

. Washington, 1 ). C. 

WA'r'i'.s, II. Franklin Klcctrical Engineer and Contractor, 

Norristown, Pa. 

Weaver, Norman K. Pox 87, Selma, Ala. 

Wruster, Du. Arthi'R G. Assistant Professor of Physics, Clark 

University, 936 Main .St., VVorces- 
ter. Mass. 

'Wehster, KtJWiN S. Firm of Stone & Webster, 4 P. O. 

S«|., Poston, Mass. 

Wenih.k, (iKouttE K. 2433 North 7th St., Philadelphia, Pa. 

We.st, Jtri.m.s Henrik Engineer, Ilandjery .St., 58 Friedenau, 

Herlin, Germany. 

'Wki.i.es, Francis R. Manufacturer, 46 Avenue <le Breteuil, 

I’aris, France. 

Wharton, Illicit M. Electrical Engineer, Wcstingliouse 

Electric and Mfg. t!o , Room X02, 
800 Broad St., Newark, N. J. 

'White, H. C. Manager, Phccni.x Iron Works (,!o.. 

15 Cortlandt St., New York City. 

White, J. G. J. G. White tSi Co., PBectrical Engi¬ 

neers and Contractors, 29 Broadway, 
New York City. 

White, Will F. Electrical Engineer, Vice-President, 

New Omaha I'.-Il. Electric Light 
Co., 309 .So. 13111 St., Omaha, Neb. 

Wiute-Fra.ser, Gkh. Care of John .Stark & Co.. 28 'roronto 

St., Toronto, Ont. 

Whitmore, W. G. Electrical ICngineer, General Electric 

Co., Edi-son Building, Box .3067, 
New York City. 

Whitnev, Hknuv M. 81 Milk St., Bo.ston, Mass. 

|.I.if« MetnlK’r.] 

WiiiTTEMOKE, Charles F. Superintendent and Electrician, 

Livgro Lamp Co., Harrison, N. J. 

WiCHTMAN, Merle J. library Building, Scranton, Pa. 


White, J. G. 


White, Will F. 


Wii.i'A', Walter .S. Sitpt. South Omaha IGcciric Light, 

If eat and Power Co,, South Omaha, 
Neb. 

Wn.Ev, Wm. H, ScUmtilic Expert, 53 E. lotli St., New 

Y'ork City, 

'Wn.LlAM.s, Arthur S. fAddress unknown.] 

William.s, C1IAKLE.S Ju, Electrician, 100 Sudbury St., Bo-sion, 

Muss. 

Williamson, G. DkWitt Dobbs Ferry, N. V. 

Winanh, Paul A. N. Engineer jind .Supt., Schleicher, 

Schumm & Co., 3200 Arch St., 
Philadelphia, Pa, 

WiNciiKsi'ER, .Samuel B. 9 Laurel St;, Holyoke, Mass. 


Wn.Ev, Wm. H, 


Date of Eiuction. 
Oct. 21, 1890 

May 20, 1890 
Oct. 25, 1892 


Jan. 19, 1892 

April 21, 1891 
Feb. 2T, 1894 

.Sept. 20, 1893 

Sept. (>, 1887 


May 15, 1894 
April IS, 1884 


April 2, 1889 


I'eb. 7. iStjo 
.Sept. 22, 1H91 

Mar. 18, 1890 
July 12, 1887 


.Sept. 20, 1893 
Mar. 5, i88g 

April 18. 1894 

Feb. 7, 1888 
Nov. 24, 1891 

April 15, 1884 
April 18, 1893 

June 20, 1894 
May fS, 1894 



ASSOCIATE MEMBERS 
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Namt. Aciclresiii. Date of Etectiun.. 

Winslow, I. K. British Thomson-liouston, Ltd., 38 

Parliament St., Westminster, Lon¬ 
don, Eng. Nov. 12, 1889 

WiNTRiNUHAM, J. P. Theorist, 36 Pine St , New York City, 

and 153 Henry .St., Brooklyn, N.Y. May 7, 1889 

Wirt, Hkkhkrt C. Engineer, Supply Department, General 

Electric Co., Schenectady, N. Y. June 26, 1891 

Wood, E. J. Consulting Engineer and Contractor, 

243 Broadway, New York City. July 12, 1887 

Woodward, Franckk 1,. Undergraduate in Electrical Engineer¬ 
ing, Harvard University, 22 Perkins 
Hall, Cambridge, Mass. June 26, 1891 

Wooi.K. Ai.ukr'I' E. Electrician and Inventor, Woolf Elec¬ 
tric Disinfecting Co. of N. Y., 66 
Broad St.; residence, 864 Lexing¬ 
ton Ave., New York City. Sept. 16, 1890- 

WoRswiclv, A. E. I'dcctrical I'lngineer, Mutual Light and 

I'ower Co , 26 Commerce St , Mont¬ 
gomery, Ala. .Sept. 20, 1893. 
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(retired), 'The Century, 7 West 43d 

St., New York City. May 17, 1887 
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N. Y. Mar. 21, 1893. 
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Craigin, Henry A., 120 Broadway. 
Crane, W. F D. 87 Maiden Lane. 
Crocker, Francis B., 26 W. 22nd St. 
Crosby, O, T., 29 Broadway. 

Curtis, C. G., 60x412. 

Cushman, Holbrook, 337 West 22d St. 
Cuttriss, Chas., i Broad St. 

Dana, R. K., 16 Cliff St 
Davenport, C. G., 44 Broad St. 
Davidson. E. C., 179 Times Bldg. 
Davis, Charles H., 120 Broadway. 
Davis. Joseph P., 113 W. 38th St. 
Davis, Minor M., 253 Broadway. 
Decker, D. H., 5 Beekman St. 

Denison, S P., 143 Centre St. 
Dickerson, E. N., 253 Broadway. 
dTnfreville, Georges, 10 Desbrosses St 
Doremus, Dr. C. A. 59 W. sist St, 
Dressier, Chas. E., 17 Lexington Ave. 
Dunbar, F. W., 425 W. 22d St. 

Dunn, Gano S., 223 Central Park, West. 
Durant, Edward, 39 Cortlandt St. 

Dyer, F. M., 10 W. 23d St 
Dyer, R. N,, 36 Wall St. 

Eidlitz, C. L., 10 W. 23d St. 

Emery, Dr. Charles E., 95 Nassau St. 
Emmet, H. L. R., 36 Cortlandt St. 
Fay. Thomas J., 143 Liberty St. 

Field, C J., 26 Cortlandt St. 

Fiske, Henry G., 45 E. 22nd St. 

Flack, J. Day, 252 W. Ssth St. 

Flint, B. P., 120 Broadway. 


New York City.—Continued. 

Foote, Thos. H., 215 W. I2sth St. 
Forbes, Francis, 32 Nassau St. 

Foster, Horatio A., 35 Wall St. 
Freedman, Wm. H., 120 W. 125th St. 
Frey, C. P., 5 and 7 Dey St. 

Fuller, F. G., 203 Broadway. 

Gallaher, E. B., 253 Broadway. 
Gardanier, George W., 195 Broadway. 
Giles, W. A., 29 Cortlandt St. 
Gladstone, J. W., no E. 23d St. 
Goldmark, Chas J., 49 Liberty St. 
Gordon, Reginald, 339 Lexington Ave. 
Gossler, P. G., 108 Fulton St. 

Graham, Geo. W., 203 Broadway. 

Guy. Geo. H., 534 Temple Court. 
Hadaway, W. S., Jr., 26 Cortlandt St. 
Hadley, W. B., 30 Cortlandt St. 

Hall, Edward J., 18 Cortlandt St. 

Hall, William P, 80 Broadway. 
Hamblet, James, 195 Broadway. 
Hamilton, Geo. A., 22 Thames St. 
TTammer, W. J., 1305 Havemeyer Bldg. 
Harding, H. McL., 253 Broadway. 
Haskins, C. H., 66th St. & Boulevard. 
Hatzel, J. C., 114‘Fifth Ave. 

Haviland, F. d.., 192 Broadway. 
Hayes, Harry E., 153 Cedar St. 
Hedenberg, W. L., 108 Fulton St. 
Herzog, l)r. F. Benedict, 30 Broad St. 
Higgins, Edward E., 26 Cortlandt St. 
Hill, George, 44 Broadway. 

Hix, E. R , 41 Wall St. 

Holmes, Franklin S., 108 Fulton St. 
Howson, Hubert, 38 Park Row. 
Hubbard, Wm. C., 73 Watt St. 
Hutchinson, Dr. Cary T., 253 B’way. 
Idell, Frank E., 616 Havemeyer Bldg. 
Jenks, W. J., 44 Broad St. 

Jones, Francis W., 253 Broadway. 
Johnston, W. J., 253 Broadway. 

Keefer E. S., 22 Thames St. 

Knox, James M., 32 W. 129th St. 
Knudson, A A., 106 Fulton St. 
Lanraan, Wm. li.. 44 Broad St. 
Ledoux, A. R., 9 Cliff St. 

Leonard, H. Ward, 44 Broad St. 
Lester, W. B., 195 Broadway. 

Levy, Arthur B., 810 Lexington Ave. 
Lieb, J. W., Jr., 166 W. g7th St. 
Idoyd, Robert Me A., i W. 3gth St. 
Lozier, R. T. E., 465 Greenwich St. 
Lowenherz, H , 18 Cortlandt St. 
Lufkin. Harvey L., 39 Cortlandt St. 
Lundell, Robert, 44 Broad St. 

Mackie, C. P., 45 Broadway. 
MacQuesten, W. D., 15 Cortlandt St. 
Madden, 0 . E., 41 Wall St. 

Mailloux, C. O., 45 William St. 
Mansfield, A. N., 153 Cedar St. 

Marks, L. B., ,51 E. 67 St. 

Martin, A. J., 121 Liberty St. 

Martin, F., Madison Square Garden. 
Martin, T. Comraerford, 203 Broadway. 
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New York City. —Continued.' 

Maver, William, Jr.. 31 Nassau St. 
Mayer, M. M., 411 107th St., E. R. 
Mayrhofer, J. C., 165 W. Sad St 
McKibbin, George N., 80 Broadway. 
Merrill. E. A., 42 Cortlandt St. 
Metcalfe, George R., 343 gth Ave. 
Meyer, Julius, 44 Broad St. 

Mitchell, John Murray, 35 Wall St. 
Monell, Joseph T., 236 W. 22d St. 
Moses, Dr. Otto A., 1037 Fifth Ave. 
Moses, P. R., 46 W. 97th St. 

Mustin, H. S., 143 Liberty St. 

Noll, Augustus, 8 E. 17th St. 

Olan, Theo J. W., 69 W. 49th St. 
Osterberg, Max, 232 E. bad St. 
Parnjly, C. Howard, 344 W. agth St. 
Parsell, H. V., Jr., 31 E. 21st St. 
Pattison, Frank A., 136 Liberty St. 
Pearson, F. S., 621 Broadway. 
Pedersen, F. M., 327 W. 34111 St. 
Perry, N. W., 6 Park Place. 

Pfund, Rich’d, Room70i 195 Broadway. 
Phelps, Geo. M. 203 Broadway. 
Pickernell, F. A., 153 Cedar St. 

Poole, Cecil P., 253 Broadway. 

Pope, Franklin L., 39 Cortlandt St. 
Pope, Ralph W., 26 Cortlandt St. 
Price, C. W., 13 Park Row. 

Pupin, Dr. Michael I., 46 W. 72d St. 
Read, Robert H., 39 Cortlandt St. 
Reed, H. A., 420 E. 25th St. 

Reed, H. D., 420 E. 25th St. 

Rennard, J. C., 18 Cortlandt St. 
Rittenbouse, C. T., 247 W. 138th St. 
Roberson, O. R., 195 Broadway. 
Rouquette, W. F. B., 47 Dey St. 
Rosenbaum, Wm. A., Times Building. 
Rosenberg, E. M., 784 Lexington Ave, 
Sachs, Joseph, 32 Nassau St 
Scheffler, P'. A., 126 Liberty St. 
Schreiter, Heinr, ii Chambers St. 
Seely, J. A,, i2i Liberty St. 

Serrell, Lemuel Wm., 253 Broadway. 
Sever, Geo. F,, 34 W. 32d St. 

Shain, Charles D., 136 Liberty St. 
.Sheehy, Robert J., 570 Park Ave. 
Slade, A. J.. 62 E. 66th St. 

Smith, J Elliot, 122 W. 73rd St, 
Smith, T. Jarrard, 7 Dey St. 

Sprague, Frank J., 253 Broadway. 
Stieringer, Luther, 68 Broad St. 
Stockbridge. Geo. H., 39 Cortlandt St. 
Stump, C. E., 26 Cortlandt St. 
Taltavall, Thos R., World Building. 
Terry, Chas. A., 120 Broadway. 

Tesla, Nikola, 35 So. 5th Ave. 
Thompson, Edward P., 5 Beckman St. 
Toerring, C. J.. Jr., 73 Watt St. 
Townsend, Henry C., 5 Beekroan St, 
Turner, Wm. S., 47 Times Building, 
Tuttle, George W., 510 W, 23rd St. 
Vail, J. H., 39 Cortlandt St. 

Vail, Theo. N., 18 Cortlandt St. 


New York City.— Continued. 

Vansize, William B., 253 Broadway. 
Van Wyck, P. V. R.Jr.,981 Madison Av. 
Varley, Richard, Jr., 62 Cortlandt St. 
Wacker, Geo, G., 1340 Vanderbilt Ave. 
Warden, Geo. P., 103 E. loth St. 
Warner, Chas. H., 50 Broadway. 
Waterman, F. N., 120 Broadway. 
Weaver, W. D., 253 Broadway. 

Webb, Herbert Laws, 18 Cortlandt St. 
Wetzler, Joseph, 203 Broadway. 
Wheeler. S. S., 39 Cortlandt St. 

White, H. C., 15 Cortlandt St. 

White, J. G., 29 Broadway. 

Whitmore, W. G,, 44 Broad St, 

Wiley, Wm. H., 53 East loth .St. 
Wilson, PVemont, 108 Fulton St. 
Wintringhara, J. P., 36 Pine St 
Wolcott, Townsend, 1002 Bennett Bldg. 
Wood, E. J., 243 Broadway. 
Woodbridge J. L., 47 Times Building. 
Woolf, Albert E., 66 Broad St. 

Yamall, V. II., 29 Broadway. 

Zalinski, Capt. E. L., 7 W. 43d St, 

236 

Official Stenographer . 

Ryan, R. W., 262 W. nth St. 

Oswego.-—Judson, Wm. Pierson. 

Ovid. —Waring, John 

Pelham Manor.—Gilliland, E. T. 

Rhinecliif. —Philbrick, B. W. 

Rochester, 
de Lancey, I). 

Redman, G. A. 

2 

Schenectady. 

Andrews, W. S., General Electric Co. 
Berg, E. J., 33 Washington Ave. 

Blood, J. B., General Electric Co. 
Cahoon. J. B., 226 Union St. 

Churchill, Arthur, 5 So. Church St. 
Curtiss, Geo. P"., General Electric Co. 

Greene, S. Dana, “ “ “ 

Emmet, W. L. R., “ " “ 

Griffin, E , <• “ “ 

Hewlett, Edw. M., “ “ ‘‘ 

Plobart, H. M., " 

Kellogg, J. W., “ “ “ 

Kirkland, J. W., “ » " 

Lovejoy, J. R. “ “ “ 

Oudin, M., “ “ “ 

Reid, Thorburn, “ “ “ 

Reist, H. G., 5 So. Church St. 

Rice E. Wilbur, Jr,,General Electric Co. 
Rohrer, Albert L., “ “ “ 

lioper, D. W., “ *• 

Stebbins, Theodore “ “ “ 

Steinmetz, C. P., “ “ “ 
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Schenectady.—Continued. 

Wiener, A. E., 208 Liberty St. 

Wirt, H. C., 842 Union 3 t. 

24 

Syracuse. 

Brady, Paul T. 

Land, Frank, care of Globe Hotel. 
Marvin, H. N., 208 So. Geddes St. 
Wardlaw, Geo. A., 412 E. Willow St. 

4 

Troy. 

Bernard, Edgar G., 43 4th St. 
Chadbourne, H. K., Jr., Troy City R’y 
Parks, C. Wellman, 182s Fifth Ave. 
Stevens, W. L© Conte, 

Rensselaer Poly. Inst. 

4 

Utica. 

Hunt, A. L., State Hospital. 

Nicholson, W. W,, 73 Howard Ave. 

2 

Waterloo.—Mercer, A. G. 

Yonkers. 

Essick, Samuel V. 

Ihlder, John D. 

Slater, F. R. 

3 


NORTH CAROLINA. 
Wilmington.—Barnard, J. H. 


OHIO. 

Akron.—Shaw, E. C. 

Cincinnati. 

Cabot, John A., 123 West 8th St. 
Cothren, Wm. H., 164 W. 8th St. 
Creaghead, Thos. J., 296 Plum St. 
French, Prof. Thos., Jr., Avondale. 
Gray, W. N., 200 Neave Building. 
Roberts, W. H., 15 Harrison St. 

6 

Cleveland. 

Black, Chas. N., Belden St. 

Brush, Chas. F., 453 The Arcade 
Canfield, Milton C., 18 Clinton St. 
Cowles, Alfred H., 361 Arcade. 
McKinstry, J. P., 316 Seneca St. 
Roberts, E. P., Brainard Block. 

Sperry, E. A., Mason and Belden Sts. 
Wason, Chas. W., 1762 Euclid Ave. 

8 

Columbus. 

Caldwelli F, C., State University. 
Childs,.S. W., Central Railway Co. 
Thomas; Prof. B. F., State University. 

3 


Hamilton.—Cornell, Chas. L. 
Marietta.—Shedd, J. C. 
Salem.—Davis, Delamore L. 
Steubenville.—Flood, J, F. 
Wyoming.—Lilley, L. G. 


OREGON. 

Portland. 

Cheney, W. C., Portland General Elec¬ 
tric Co. 

Coolidge, C. A., 591 Hood St. 

Dame, F. L., The Northwest General 
Electric Co. 

Malcolm, P. S., 131 Sixth St, 

Mitchell, Sidney Z., Fleischner B’Id’g. 

5 

Salem.—Anson, F. R. 


PENNSYLVANIA. 

Allegheny City. 

Fessenden. Prof. R. A. 

Vandegrift, James A., Robinson St. 

2 

Altoona,—Dudley, C. B. 
Catasauqua.—Tait, I'\ M . 
Chester.—Arnold, C. R. 

Erie.—Boynton, K, C. 
Germantown. 

Condict, G. Herbert, 5328 Green St. 
Wirt, Charles. 

2 

Haverford.—Griscom, Wm. W. 

Monongahela City. 

Acheson, 15 . G. 

Nanticoke.—Sanliorn, Francis N. 
Norristown.—Watts, II, F. 
Philadelphia. 

Albright, H. F., 5304 Lancaster Ave. 
Billberg, C. 0 . C., 3200 Arch St, 
Blanchard, C. M., 1209 Betz Bldg. 
Braddell, Alfred E., 316 Walnut St. 
Bragg, Chas. A., 302 Girard Bldg. 
Childs, A. E., 302 Girard Bldg. 
Darlington, F. W., 503 Girard Bldg* 
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Philadelphia. —Continued. 

Drysdale, W. A., Hale Bldg. 

Eglin, W. C. L., 909 Walnut St, 

Flagg, S.G., Jr.,19th St. and Penn. Ave. 
Gerson, L. J., 809 Sansom St. 

Hering, Carl, 927 Chestnut St. 

Hewitt, Clias., 920 Spruce St. 

Houston, Prof, E. J., 1105 Betz Bldg. 
Hunter, Rudolph M., 926 Walnut St. 
Ives, Lieut. E. B., 421 Chestnut St. 
Johnston, A. L., 4300 Lancaster Ave. 
Keller, E. R., 1210 Betz Bldg. 
Kennelly, A. E., 1106 Betz Bldg. 

La Roche, F. A., 2235 No. i6th St. 
l.evis, iVIinford, 54 North 4th St. 
I.loyd, Herbert, Drexel Bldg. 

Marks, Prof. W. D., Edison Elec. I .t. Co. 
Perot, L. Knowles, 308 Walnut St. 
Pike, Clayton W., 1210 Betz Bldg. 
Reed, C. J., 609 Norris St. 

Rowland, Prof. A. J., Dre.xel Inst. 
Sheble, F., 1022 Arch St. 

.Shields, W. J.. 829 Arch St. 

Smith, T. Carpenter, 212 Dre.\el Bldg. 
Spencer, Theo., 406 Market St. 

Stevens, Prof J. F., 1419 Walnut St. 
Uhlenhaut, F., Jr., 4101 Haverford St. 
Wendle, Geo. E., 2433 N. 7th St. 
Willyoung, Elmer G., 1210 Betz Bldg. 
Winand, P. N., 3200 Arch St. 
Wright, Peter, Dre.xel Bldg., 

37 

Pittsburg. 

Bliss, Geo. S,, Telephone Bldg. 

Eden, M. E., 83 Fourth Ave. 

Fisher, IL W., Standard IJnd. Cable. 
Floy, Henry, Westinghouse E. & M. Co. 
Healy, L. w.. Westinghouse 15 .& M.Co. 
Hutchinson, F, L. “ 

Ingold, Eugene, 1669 Second Ave. 
Keller, E. E., 222 Murtland Ave. 
Lange, Philip A.,West’hause E.it M.Co. 
McCrosky,J.W., 

Myers, Geo. Francis, Penn Building. 
Phillips, Leo A. W'est’house K. & M.Co, 
Requier, A. M., “ “ “ 

Schmid. A., Westinghouse K. & M. Co. 
Scott, Chas. F., “ “ “ 

Smith, F. .S., 

•Stillwell L. B., 

Strauss, Herman A. “ 

Temple. William Chase. P. O. Box 800. 
Vanderslice, G. H., P. O. Box gri. 
Waring, R. S., 61 Westinghou.se Bldg. 
Waters, Edward G., 425 Wood Si. 
Wurts, A. J., Westinghou,se E. & M. Co, 

23 

Rochester. —Shallenberger, O. B. 
Scranton. —Wightman, Merle J. 
South Bethlehem. —Powell, W. H. 


State College. 

Jackson, Prof. J. P. 

Lardner, H. A, 

West Bethlehem. —Latti^, J. W. 

Wilkesbarre. —Seitzinger, H. M. 
Wilkinsburg. —Frost F. R. 


RHODE ISLAND. 

Bristol. —Blake, Theo. W. 
Providence. 

Lenz, Chas. O., 510 Ind. Trust Bldg. 
Miller, Joseph A,, 25 Butler Exchange. 
Phillips, Eugene F., 67 Stewart St. 
Trott, A. H. Hardy, i6i Friendship St. 

4 


SOUTH CAROLINA. 
Columbia. —^Johnson, J. N. 


TENNESSEE. 
Memphis. —Roessler, Capt, S. W. 


TEXAS. 

Austin. —McRae, Prof. A. L. 
Dallas. —Mottram, W. T. M. 


UTAH. 

Salt Lake City. — McKay, C. R., 


VERMONT. 

Brattleboro. 

Childs, W. II. 

Fuller, Hon. Levi K. 

Burlington. —Storrs, Prof. H. A. 

Rutland.— Francisco, M. J, 


VIRGINIA. 

Blacksburg.—Randolph, I.,. S. 
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Fortress Monroe. 

Parkhurst, Lieut. C. D. 

Squier, Lieut. Geo. O. 

2 

Front Royal.—Albert, Henry 
Norfolk.—Crews, J. W. 

Richmond 

Leonard, M.B., Sup’t C. & O. R.R. Tel. 
McCluer. C. E., So. Bell T. & T. Co. 
Towfer, Geo. A., 109 S. First St. 
Trafford, E. W. , 104 No. 7th St. 

4 


WASHINGTON. 

Everett. 

Butler, William C. 

Ray, Wm. D. 


WEST VIRGINIA. 

I 

Huntington —Wallace,G. S. B0X214 
Morgantown.—Aldrich, William S. 
Rome.—Babcock, C. D. 

Wellsburg.—Bi*ady, F. W. 
Wheeling.—Sands, H. S. 


WISCONSIN. 

Eau Claire.—Bates, M. E. 
Madison. 

Davies, Prof. John E., 523 Carroll St. 
Jackson, Prof Dugald C. 

Jones, Prof. F. R., University of Wis. 

3 

Milwaukee.—Boardman, H. B. 

DOMINION OF CANADA. 

NOVA SCOTIA. 

Baddeck.—Bell, Prof. A Graham 
Halifax. 

Cogswell. A. R., 34 Bishop St, 

Spike, Clarence J. 

2 

Hazel Hill. 

Colley, Benjamin W. 

Dickenson, Samuel S, 


New Glasgow.—Bowman, Fred. A. 


ONTARIO. 

Berlin.—Breithaupt, E. Carl 

Ottawa. 

Ahearn, T. 

Dion, Alfred A., 72 Sparks St. 

2 

Peterborough. 

Hartman, Herbert T. 

Ross. Norman 
Stephens, Geo. 

3 

Rat Portage.—McCrossan, J. A. 

St. Catharines. 

Thompson, William G. M. 

Toronto. 

Langton, John, Canada Life Building. 
Rosebrugh, Thomas R. 

Rutherford, W. M., 63 Front St 
White Fraser, Geo., 28 Toronto St. 

4 

QUEBEC. 

Montreal. 

Carus-Wilson, Prof. C. A. 

Ross, Robert A., 94 Queen .St. 

Sise, Charles F., P. O. Box lgi8, 

3 


MEXICO. 

City of Mexico.—Peck, S. C. 


CENTRAL AMERICA. 

GUATEMALA. 
Quezaltenango.—M orehouse, H. H. 


SOUTH AMERICA. 
UNITED STATES of BRAZIL. 
Para. 

da Cunha, Manoel Ignacio, 

Empresa Industrial Gram-Para. 
Cherraont, A. L., Box 252. 

a 
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WEST INDIES. 

JAMAICA. 

Kingston.—Wilson, Harry 

AFRICA. 

CAPE OF GOOD HOPE. 
Cape Town.—Standford, William. 

ASIA. 

JAPAN. 

Osaka.—Iwadare, Kunihiko. 


AUSTRALIA. 

NEW SOUTH WALES. 
Sydney. 

Fischer,Gustave J., Public Works Dep’t. 
FiUmaurice, Jas. S., 210 George St. 
Jones, A. W.. care of H. H. Kingsbury. 
Spruson, Wilford J., lOy King Ht. 

_1 _ 4 

EUROPE. 

AUSTRIA. 

Vienna. 

Egger, E., X. .Simmeringstr, 187 
Sahulka, Dr Johann. 

Technischc Hochschule. 

2 

GREAT BRITAIN. 

ENGLAND. 

Bolton-le-Moors.—Jackson, Henry 
Bristol. 

Dobbie. R. S , 43 Wellington I’ark 
Clifton. 

Eley, Harris H., 88 Colston St. 

2 

Chester.—Keith, N. S. 

Croydon.—Lewis, H. F. W. 

Kingston-on-Thames. 

Richardson, A. K. 

London. 

Forbes Geo., 34 (ireat George Ht. 
l.awson. A. J., 49 Queen Victoria St. 


London. —Continued. 

Lorrain, James Grieve, 

Norfolk House, Norfolk St.,W. C. 
Mordey, Wm. M., 

34 Montserrat Road, Putney. 
Parshall, H. F., 38 Parliament St. 
Preece, Wm. H., General Post Office. 
Solomons, Sir D. L., 49 Grosvenor St. 
Waller, Henry E. 

3 Princes Mansions, Victoria St. 
Wells, D., HurstKeld, The Avenue, 
Gipsy Hill 

Winslow, I. E., 38 Parliament St. 
Wharton, Chas. J., 82 Bond St. 

ir 

Taunton.— Haynes, F. T. J. 


SCOTLAND. 
Glasgow.—Kelvin, Zart/. 


WALES. 

Cardiff.—Walker, Sydney F. 


BELGIUM. 

Antwerp.—Inrig, Alec G. 


FRANCE. 

Creusot.— Stahl, Th. 

Paris. 

Albanese, G. Sacco. 

Mann, F". P., 17 Rue Didot. 

Mix, Edgar W., 27 Rue de Loudres. 
'Phurnauer, Ernst, 27 Rue de Loudres. 
Welles, F. R., 46 Ave. de Breteuil. 

5 

GERMANY. 

Berlin. 

Bates, F. C., 

Union Elcktricitats Gesellschaft. 
Flesch, Chas., Allgemeine 

E lektricitats-Gesellschaf t. 
Magee, Louis J., Corneliusstr i., W. 
Otten, Dr. J. I)., Kleinbeerenstrasse, 
21, S. W. ^ 

Potter, H. N.,Steglit7.erStr. 10 Parterre 
West, Julius H., l-Iandjery Str., 58, 

Friedenau near Berlin. 

6 

Hagen.—Entz, J. B. 

Munchen.—Voit, Dr. Ernst 
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German.!/, Netherlands, Italy, Bussia. 


Nuremberg.—Tischendoerfer, F. W. 

ITALY. 

Ivrea.—Olivetti, Camillo. 

Torino.—Capuccio, M. 

NETHERLANDS. 

Amsterdam. 

Hubrccht, Dr. H. F. R. 

Delft.—Doijcr, H. 

RUSSIA. 

St. Petersburg. 

Sventor/.etzky, Capt. L., Military Kng- 
ineering xVcademy. 


Addresses Unknown. 

Barth Bartoshevitcli 
Cleveland, W. U. 

Cobb, John S. 

Danvers, A. 

Handley, Arthur 
Holcomb. E. R. 

Moore, John J. 

Raymond, Cha.s. VV. 

Reinmann, A. L. 

Souza, Carlos Monte iro 
! Stadelman, Wm. A. 

Vance, A. .S. 

Williams, A. S. 

Wright, John D. 

13 

Notice. 

The Secretary would be pleased to re¬ 
ceive the present addresses of the above. 
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DISEASES OF DYNAMOS. 


fl Not set (^eMcaUy opposite 
Fault of 3 Not set at ueutral point— 

Of -^8 Not propmlv t riwT«<wi —— 

Brashes 4 Not in une^ . ' . .-..., 

^ 6 Not in g<^ contact-__—■—’ ' 

Kf‘ J ? }--—■' 

0,m.2utete| « - -- 

10 Wealtmagnetic 

' . ' ( ^ Joo many lamps on the circuit (incandescent systmn) 

Bzcessive Dynamo-j b. Ground and leak from shortcircuit on lioe 
currmitin ■ (c. Dead shortKsircuit on line 

anmtu^ 11 ■ fd. Exce^ve voltage on constant potential circuit 

■ Motor-I f’^“^P®rage on constant current circuit 

overload f, Fncnon. See B 8 and 85*86. 

' , . , , Is-Too great load on pulley 

Fault (13 Short-orcmted cou in,^ 

of j 18 Broken drcnit in _ _ 

Armature (14 Cross-connection 


Fault 

of 

Commutator 


Bzcessive 
currmitin 
armature 11 
due to 
overload 


A. Sparking at brushes' 

! L Armature^ 
3. Meldcoils-* 
8 . 6^iings<v 
e Noise-- 


E Uotori 8. Fa^to start } " 

( a Buns backwards or against brushe 

Ps TVynn.win failo »/a 


JVbfe' I 

Jfevir use ice or water to cool off bearings, aa 
it may get into ai-mature and ruin it, unless it 
has been made water-proof as in some cases of 
street-car motom 

Moer shut down because of hot box until 
remedies 33, 38,, 36 and 35 have been tried and 
proved useless. If absolutely necessmy to shut 
down, get belt off as soon as possible, do not allow 
'shaft to “stick” in stopping, get boxes or bear¬ 
ings out and cool off naturally as soon as poss¬ 
ible and not in water as this may rain them, 
then scrape, fit, polish, clean shaft and test for 
free turning by hand before belting up and start¬ 
ing again. 

Cleanliness about Dynamo or Motor is imper¬ 
ative; dirt, oil, coppeadust may prove source of 
great annoyance or damage. Small tools, bolts 
nr pieces of iron must be kept away from dynamo 
as they may be drawn into, or fall upofi arma¬ 
ture and ruin it 

A Good Rule. Never allow loose articles of 
any kind to be placed upon any portion of dy¬ 
namo. Brass or copper oil cans are best to use 
as they are non-magnetizable. 

All connections must be large clean and firm, 
liOok over and tighten loose connections, screws 
■or bolts daily. 

Always keep copper brashes raised from com¬ 
mutator when dynamo is at rest Poor cheap oil 
Is poor economy; use nonp but the best of mineral 
oils. All new oil should always be filtered before 
using. 

Oil from self-oiling bearing should be filtered 
before being used again. 

Keep cotton waste off the commutatori Use 
canvas or cloth to wipe with; 

A piece of pine makes a good burnisher'to use 
on commutator to keep it clean and smooth. 


COMPIIED AND AKKANOED BT 

C. D. PABKilUIlSTi 1st Lieut 4tli ArtOleiy, 

HENliEK AMEBIOAN INSfnTOTE EIiEOrftlOAL NWAO ntBPa, 

Prom the following Autboritiee ; 

^ Crocker & Wheeler^ Practical Management of Dynamos and Motors. 
Thompson's Dynamo Electrical Machinery Edition of 1893 
Badt's New Dynamo-Tender’s Hand Book 

Instructions (or management Motors and D^moa, General Electric Ch; 

'* “ « t. S. I. Thomsen-HoUstonCo. 

•• *• " '• ** »’ Sprague Co. 

” •' “ '• •» Jenney Co. 

* '■ *. f. o Detroit Motor Co. 

et^,etc,' 

tPresented at the Tonth Genend Meeting of the Amencan Institute of vifc- 
trica) engineers. New York, May tyth, 1893 ) 

[Co^ndghteA >894.] 


16 Overloaded 

16 Shorircircuit [_«_ ^ 

ir Broken circuit fS®® above Nc 

18 Cross-connection , 

19 Moisture in armature coils——’ 

30 Eddy currents in armatnre core 
21 Friction-' ■ ' 


See above Nos. il, is, 14 . 


{ 33 Excessive current in field circuit- 
28 Eddy currents in pole pieces- — - 
34 Moisture in field coils.—_ 


35 Not enough or poor quality of oil-^ 
26 Dirt, grit or other matter in bearings- 


37 Bough iournals or bearings ——--— 

38; Journals too tight in bemngs——_ 

39 Bent or sprung shaft —_ _ __ 

86 Bearings out of line __ ■ 

31 End pressure of pulley hub, or shaft collars agn-inaf. 

83 Too great load or strain on belt_:_ , .J 

88 j^mature out of centre in polar space— 


Armature or pulley out of balance ' ■ — 

^mature strikes or rubs against pole 
Opllaiw or shoulders on sh^t, hub, or web of pulley strike) ~ 
or rattle agamst bearing 

Ibose screws bolte or connections-^_ ' 

Singing or hissing of brushes. See A 8a 4 and 6__ 

Iiappmg or pounding of belt joints or lacing--_ 

Slipping of belt from overload ■ 

Hummmg of armature lugs or teeth as they pass pole pieced 


' 43. Ei^pne fails to r^ulate with varying load-_-_ 

43 Series Motor, Too much current for. load and motor runs! 

'i' ! f a. Begulator not properly set i 

^ Shunt b. Current not correct I 

Mbtor c. proportioned and therefore failj 


45 Same as 42 . . .. 

46 overloaded. See A li 

47 Shorirciicnit in armature. See No. 12 

48 Staking or rubbing of armature. See No. 36 
49.Iriction. See R 3 

50'Vf eak magnetio field. See No. 10 

•,'?« ^ . V’.M t-Jt-Xi r 

’ 51 (^heat overload. See li f and g ) __ 

52 Very excessive friction. See B 8, 26 to 33 j-- 

i ; : f a Safety fuK melted 

b- Broken wire or connections 

, M I 

®> Current mils or is shut off from 
station 

54 complete short-circuit of field ) 

55 “ " " armature V 

66 ** " “switch 1 


■ 157 Wrong conueotions within motor. - 


Y a Beversed current through field coils. 
( Boversed b Beversed connections— — 

58.1 ^ residual • c. Earths magnetism — 


d Proximity of another dynamo-- 

I f. BrtKhesnotinrightposition. SeeNasi-M- 

59 Too weak residual magnetism- , 1 , 

60 Shorirdreuit in machine. See Nos. 13 and 54, 55 ,56 

61 Shortcircuit in external (jircuit—.—- ■ ■ • ’ 

63 FMd coils opposed to each other — • 


U Faulty connections 
( Open Oi Brashes not in contact. SeeNa 6 
1 dreuit ■ d. Safety fuse melted or brotoa See No. 68 a 
^ a Svitch open. Sw 68 d. 

f. External circuit open 


64 Toogreat load on dynamo— 

65 Too touch reristance in field relator- 


»1 • yh. Oaite donD-^®®c®s8a*y iaemiBMrenqf^ by brin^iu bniahte od One sidd to; 

I Uasfe Epat'king point by tnovii^ rooKer am, and then MjtBiing bnmea on oilier sida to letoiv 

I ap Ai44ng point, by moTing in or out of brodi holder and r&elamping in naw position: 

,2 Mbye roeker arm slowly back and fo^ iinta ^arld^ Stops—^ F. 68 f, 

1 Bnisiles should alwan to kmt properly idnuned and set. If Spaikitigb^^s froA this es&to 
aad dynamo cannot he shut downr-hend hMk wd ontoff loose or ragged wires; retrim as scfon 
as po^le affer ran is OTor. If there am two or more brashes in eacEret they may be cdisjiged 
.>8 u. / ' one St a time for new and properly tnmmed brashes daring . the ron, bn any low volt^ie. 

" msiton©—See 0. 88; ' ■ ’' ' v»:'- 

' b. To' tetrim; clean from oil and dirt withtonzu^ Soda or potash; then file to grind to ttandsidi 
. jig,aiidreset carefully as at to «id .4, See 0. 88; 

^ J Adjnst each brash nntil^bearing is. on liiie ai^.Sqnaie with same lOommtttator bar, bsating 
I -.evenly for its whole width, unless purposely “bta^red.” See 18 a. -• . T 

8 ' I A. desn'Commutator of oil, dirt or so tiiat brashes toneh. ; - ' . 

Ih. Adjnst by tensioa screws and sphngsuntil%htyetfimand.evmi contabb is n^e. See 0. 88 

f *. Grind, down with fine Send Paper (iTsoeo* Eeiary in any fom) held in block cnrvSd to fit com¬ 
mutator; polish with fine crocus cloth. ; ^ 


. h. tt too bad to grind down, tom ofi .trith qperial tool and rest while taming riowly in the tolUv 
“77 • „ Jhgsfbr remora jrniatiTO frmbtorin^ ^ timi off oai«M 

V •^^is^-^^^xlattlr6 .should Iiftvo to f inch motion so ns to distribiitB: wear OTonliTw and 

prevent weai-iiJg in rats or ridges; Brashes may be shifted ride-ways oocasioiiany to In 

distention of wear. 8eeNo.31. , , 

i Set«^ bar” down oarefnlly with mallet or block of wood, being careful not to bend, braise 
WiMBrebar, and then tighten clamping rihjgK if this does not remedy feult, file attd trim v 
“hi^bar” doAvn to level of other tors, or gimd or tarn level. “ Htoh bari^ tesv cause brash 
to jnpp or vibrate so as to ring.” See No. 38. 

-9 Oiind pe ^ rest of commutator dbwu teu^ and levri to trae snrface so as to clAsn up the gate 

(?• I ^ j ^P®k.if externaL rewind if 

*^10 ■€ b» Sli|^|:circnit ) Coiln { intertuu* 

properly woufid-ror witiiont ptoper amount of iron—no rsmedy but to rebuild, 

J. number oilamps and thus diminish current called'for. 

Vlocate and rei^r. 

®. shortcirenit wOL or. should, blow safety fuse. 

8li|E)wn dynamo, locate and repair &nl^ put in new foise brfore starting aiAm.Eott 
H ■ _ a^g^not be insetted till &iilt is corrected, as it will blow sgain on starting np. 

^ . MWPjiper current for motor. Mid ■Bo ed^, with . ^ 

I* ff'T®®wi 

f. Bedm load to proper Mnonnt for rating of motei^ 

.g.( and K ledy any cause of trouble .from nndne friction. See B 8 .Mid 0 35-36. ' 

%;99PP“ 4ust, solder, or other cause for metsUie coutaot between commutator ban 

c. Test fo^termd. ^ armature to correct 

^ of hr^ holders for fenlt Dirt, oil, and copper dust may make short 

circnumpi Ufiuh holder to rocker arm, aud tiins shortcirenit machme. See E. 1-3 amifF. 60. - 

by‘‘Btsjgering” the brnriies imtilnmisoTer, then test outsiid 

dami'ttM^fe ih*t*d”^”*^ makeshift, to try and stop bad sparim^ daring » rim when 

b. down, look for broken or loose connection to commuteitorbar.andrei>air 

c. cmlWbTOk^ mmde rewinding U onty smre remedy. The break may b© bridged twnpo- 

disconnected bar until it makes contact acro» mica ^^ext 
ba” be rejMdred and insulation secured Agmn after fault is 

^ ^ii^^%YVffl. ^8»’ber; 0 r bridge across with piece of heavy wire, and thus out but 
^ good«.a to «> M«s wMuputtg 

14 \ effect as shortcirenit and are to be treated as Siteh. See 

j 1-^1-E^.eeil shonld show complete cttcuit, with no cross onto any coil 
4A ( ant by gentle May l,e done by sending enrrent throngh armatitrA, Pot to 
i “ natsohadastoca^ shortcireniCor crossKioliSonr beat 


“30 rim- Faulty ranstraction; core should be finely 

1 ““““mwttbimmiteinsnlated. Noremedybnttor&tdld. ^ 

“31 See B 8 and journals may affect armature.. 

rilinnt *1 terminals by redneiiig speed; or morease lesistanoe 

a. simnt : j of &ld oo^ by winding on more wire, or rei^ with finer wire; or put 

I, . {resistance m series with field. . - 

' b. Series lupine' • • Ji^vnt a portion, or otherwise decrease current throus^ fields;' or take off 
■NT I. I ar more layew of wire; or rewind with coarser wne. 

S’” ahorteiroiiit, or foom moisture in coils acting as short 

“28 \ ^ale piece|^tter thMcofls a^ dmrt rnn,dn^ to feulty conetrUction, or to fiaetaatiiig current. 
( aI U16 io^,^;j;i^|niat6 and steadj^urreat. ■ 

*24 I loTOr than normal; may reuse dioitcironit or ; body wnt^ 

I ay®a™afc;F.ry'Onp,^ See mso ,No; 3^ note. 

S**,*"" 1“ 


—38 \ ^ale piece|^tter thMcofls a^ dmrt rnn,dn^ to feulty conetrUction, or to fiaetaatiiig currenl 
( U16 io^,^;j;i^|niat6 and steadj^urreat. ■ 

"HW lomr thau normal; may reuse diort^inmit or ; body rentacC to 

\ dynamo ^ Dry out as in No. 19. Seealso No. 33, note. ^ w iron o 

*' feeds properly. (Ml should be fori qaalit 

mineral and/rre/roin Be carefol imt tofio^ beariium so as to forev 

26 ■ “*® msnlation of brash holder, as it will ^nally^har and ^er 

' #*?d-inake short oirouit. Seelsl^tandA u»uy ouar »na gamer 

|l™d«o3, pr ofiierhrevy iubricfflitmay be nsed if ordinanr oil does not remedy 
hot box ®se uiitf .ran IS over, then olren np and adjust bearingB; 

fi: 0 odiag witii dren oil uatil ranis over, tiien dean up. Be carefnibowever 
^ wont filing -commutator or brash holder. ^ 35 a. , - • ' . / 

^36 - “• jonriials and brerings scrapulotu^^ reps and' 

be made) remora bearings completely, oorie^natur* 
o%,anpi^imapplirii«wy*%/Ves from grit,and set npi^^ r 

-27 I Smooth an(^l^h in la^ T^o^ all bnr^ scratches, outB or tool inarlo, then fit new bear- 
i ings(ofpwbittorptiier metal) to proper fit. ; ; ^ ^ . 

ftft i ** oa^pnt in p^ng pieces and retighten until ran is over, then fit to smooth 

^ rotataon by hand. ■ 

(b. Turn dc^^ Binobth and repolish journal, or ream or scrape bearings'to proper & ■ 

-99 Bend or tnrapro by oarefnl springing or turning in lOthe. Probably now diaft will be needed. 

Loosen foo^l^riogs and shift until armatnre turns freely by hand with belt ofE, and is yet in 
^ dowel pin lioles, and fit new dowels to aUow new 

position he keptiwhen bolts are drawn up t^t. If shift-is needed rm ot down then pack 
up or trmue^ foot, of hearing to allow proper setting. ^ 

a. ^that^^fotion^ level and that armature moves freely with end motion—Seemote No. 67. -- ' ' 
^ ^ i n ° lI ^ shoulders on shaft, or ifle or trim off ends Of bearings until 

0 . ^en paDey. and belt, so tliat ,no end thnist is maintained on shaft bUt arina- 

tnre iiasjges.end play while in motion. . ,■ 

K I'® “d yet not dip Avoid vertical belts if po^le.; 

Nan "“ ^*^ ®^“«h ®>de on top to inorease'adh^on and ; . 

■ pidl off ^i^bont ex^ve tightening, so as to drive fall load. Belt dionld be tightened 
instenoffih to drivefaU.load smoothly, witiiont any vibration and flapping of belti^Vibrti- " 
tmnandffiippii^f of beltOTll renrelainpsfo iifak ^ 

a. Beai^Jfoy be wore out, letting armature move out of centre, and need replariiig. See No. 36. 

space and adjust brerings to new porition. See No. 8A 
fW ■ & hileon^larspaoefo:giyB equal clearance aO around. 

-34 5 Arnfetpandj^idley dipuld hara been property bafencedw 

( blay be lelped simewhat by rerefm balancing on knife edges and adjusting. ^ 

”35 ^I'^o^P'^dpwn and s^nre'my projecting wires, and secure strongly with preper tie 

( b. File oiitj^le pieces wTiere armste^ See Nos. 30-83 for possible remedies. ' 

•86 See Nos. 30^ bWringsnmy be worii butand/w ifow, aud therefore rattl&^^^^^^^ m 

(*ri^ten.>^n ^ws, “bolts and connections to firm bearing, and ifoep tfom so by daily attriitionl 
■ 1 IbsNff.'i'i^hior oi ruiirang dynamo tends to work screwed connections loose when not 

( lieidi^iiecknuts. '■ ' ' ' 


-86 See Nos. SO^ bi^ringgnmybe worii butand/w ifow, and therefore rattle. New 
. *ri^ten.>^n ^ws, “bolts and connections to firm bearing, and so by daily att^tioiil 

■ llje ^nd^fnor of runrang dynamo tends to work screwed connections loose when not 
.lieid.;Kchecknuts. '■ ' ■'■■■;, ' ' 

oil, or better yet raseline, or hold piece of stearic add (adarntmtiimV > 
then wipeoff- oilorgreaseslioiildbeall tbM . 

b" shorten brrehes. in holder, ontil firm smootii and yet gentie ptessure is maintained ' ^ 

. £ro8:^TO any hum or vibration. See Nos. 8,6,7, ^ 9 and 31. 

^9 Ose,endfe|^TOlt. If laced belt must be used have s^umv jdnts property laced. .- ■ 

40 Tighten b|^'or reduce load. See 33. 

♦1 5 ®* S®1^I’^®^P®1* P*®®®® 80 that armatnre teeth do not pass edges all at oncS; , 

( b. il^trety magnetism of field, or increase magnetic capacity of teeth. 

42 i ®“giue to^proper. regulation if posable. 

U® ( «i»W” to “faUJoS*” «bpnld wgalate dosety. wifa proper steMurapidy, ^^^^^ 

*■ ( !• Put in a shnnt and regulate until proper current for lo^ is obtained. 

^ regulator or govemor to coDtrelmagnetism of field for vaty^ 

b* on (in resistance and cut down eurrenfc 

ctnutywjretentid j b. Use proper regulator on controlling switch. 

• t. l<^ Chai^ to autonreticspeed regnfefang motor. . 

(?• tocimtrolspe^. ■ ::-^y 

** ‘■heostet . • 

L5v-^*‘.better rootor--oiie tliat is property built^ndde^ed for the work, 
f f b^nble and remov^Ke^' swifah open, and aim of riieostot to position # 

M fJ®®®V®S “4 rejiainng fault; then close switeh Slid shtft arm graduaBy to p^ 

MAtor Mnn!!* *^,®!l®*y*bing is ootrect. With series motor no great harm will rrenlt 
wMbmu onl^r free^ ** ****^^* Shunt motor on 0. P. dreni^ armatnre may ai^ probably 

repair trouble then ptftin fuse. See note to 110. 

^ SSKb^tforandre^tronblp. See No. 1*3. 

■^8 ■ A ^No. 5 : 

a *®® *hat switch is in propar order to make proper oonneotion. 

H&tr?S’'^‘“^Jbirtinglerartopodtion*‘^^^ Wait for epnent testing S time to 

time by closing switch andmoving sfa^ lerar to dose drepit. ^ *v u wiw w 

’ l*® I i^ible. Look to insulation of bindi^ P^ and brash holders.; Poor 

£86 V “^“®“»®'<hrt, off and copper dust make 6horbdrciiit.^e No. 12. 


( »» TOW® tor rotation desired, then connect up pwmanenfly. 

4®^. “Other niMliine, or from hatteiy, throngli field ooik m proper direction to 

known frp ^®^*y,to be tested by compsse needle. If connections or vrai^gs are not 
_ . ^ ®®® way and test; if not correct reverse connections try again and test. 

-38h . ^®^ rotation desired, referring to proper diagram of oonnectious; See that 

shunt coilA Compound Dynamos) are property made, as well as thoee for 

“■fiSf I until eridence of improrameiit is given. Podtion of brashes for best generethig 

( T ^ V ® be clearly indica^ and is geneiaJly at or near neutral points; S^ Noa.°1, 

‘pi I or ®*b®r part of line short-circuited or nounded may prevent building up of ahnnt 

v ^ a uiaehmes. Search out m^ remedy b^ore oloeiiig swit^. See also 6£ 65,66. 

■62 I ®/ ®ne,of field coils and test oompsss should show opposite polarityof polo 

f TOfonreDerA'®’^ dynamo does nothnud up tiy 58 a.&d. If cuhentdocSnot toSn 0^0 

I ^“P*?P«rfln*otion, cross field connections, or recharge in opposite direction. 866 55.“ 

Aft o,'SeeNa. 5.. ... . 

' d. See No. 53 a. ■" .. • 

e,'SeeNa 53 d. . . ' 

■ y®pajp, wiiA dynamo ewUoA tfpm nntil repairs ue completed. 


( succ^n and watch aifl iegnlate voIteK 

’ I ^^“‘b^switohlocutoutreas^and watch pilot lamp, When dynamo conies 















